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C. Bossut. 


P..G. Dubduat. 


J.B. Venturi. 
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Nouvelles Experiences sur la Resistance des 
Fluides. Lt ie 


Traite Theoretique et txperimental d'iydrodynamique. 
Paras. Uroo. 


Principes Hydrauliqves, Paris, 1786. Part l, 
Chapter VII, pp,141-151. Part 1 - 403 p. illus. 
Part 2 - 402 p. illus. 


Made about 25 experiments on a pipe l-inch in dia- 
meter and 117 inches long. Concluded that the “head 
due to the resistance in any bent tube depends on the 
number of deflections between the entrance and the 
departure." Derived the formula 


—— ee 


in which s = sine of the angle of rebound, v = speed 
of the current, m = a constant number = 3000 in French 
inches, n = number of rebounds. 


Experimental Inquiries Concerning the Principle of the 
Lateral Communication of Motion in Fluids, Applied 
to the Explanation of Various Hydraulic Phenomena. 
BRS are Abstracted from the Translation by Villiam 
Nicholson, London, April 5, 1799, as given in Thomas 
Tredgold's "Tracts on Hydraulics, London, 1836." 

Le Dey tL LUs 


Experiment 25.- The two tubes ABC, DEF, Fig. 14, 
Plate II, are 15 inches long; their diameter is 14.5 
lines (1.3 inches). The conical portions A, D, have 
the form of the contraction of the vein of fluid, and 
are applied to the orifice P, Fig. 1, which is 18 lines 
in diameter, with 32.5 inches depth, or charge of super- 
incumbent fluid. The elbows, or flexures, BC, EF, are 
made in the plane of the horizon. These two pipes are 
made of copper soldered with silver, and thc workman- 
ship carefully cxecutcd. The curvature BC was drawn 
out or bended into the form of a quartcr of a circle, 
by filling the tube with mcltcd lead in order that it 
might preserve its diamcter during the act of bonding. 
The elbow DEF is constructed in a right angle. The 
expenditure through these two tubes was compared with 
that afforded through a right-lined cylindrical tube 
of similar dimensions and in like circumstances. The 
four cubical fect of water flowed out of the cylindr- 
ical tube in 45 seconds; out of the curved tube ABC in 
90 scconds; and out of the angular tube DEF in 70 
scconds. 
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T. Young. Hydraulic investigations subservient to an intended 
Croonean lecture on the motion of the blood. Royal 
Soc. of London, Philosophical Transactions for 1808, 
ve 98, pp. 164-156. 


Mentions tests of Couplet, EBossutt, DuBuat and Gerstner. 
First conceived the necessity of taking into consideration 
the length of the curve and the radius of curvature. in 
the 25 experiments made by DuBuat he rejected 10 in fram- 
ing his formula, and the remaining 15 agreed with it very 
closely. 


Young found that all but five experiments agreed with 
his ‘(Young's) theory. No statement could be found tell- 
ing for what es really stands. 


Dr. Young found 
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where @® is the number of degrees in the curve, a ee 
the radius of the curve, h, = the head due to the resis- 
tance of the curve, and v~ = the velocity in feet per 
second. 
John. Robinson. A System of Mechanical Philosophy, Edinburgh, 1822, 


Yol. 11, Sec. 4, pages 486-496. 


Discusses at considerable length DuBuat's experiments 
and gives a practical application of the formula, 


George Rennie. On the friction and resistance of fluids. Philosophical 
Transactions of the Royal Soc., of London, v.lél, 


Made series of tests on a lead pipe 1/2-inch in dia- 
meter and 15 feet long. Curves uscd were 3e and "5 
inches radius. Gives results of his tests, calls atten- 
tion to the incorrectness of both DuBuat's and Young's 
formulas but does not deduce any of his own. 


J.F. D'Aubuisson De Voisins. A Treatise on Hydraulics, Translated by Joseph © 
Bennett, D. Van Nostrand, New York, 1857, 532p. illus. 


Gives Bossut's experiments on bent pipe, also Rennic's 
tests, and DuBuat's experimonts. Gives DuBuat formula 
and an example applying the same. 


A. A. Humphreys and H.L. Abbott. Report upon the Physics and Hydraulics of 
the Mississippi River. Professional Paper No. 4, of 
the Corps of Topographical Engineers, United States 
Army, 1861, 456 p., illus. 


Gives DuBuat's formula h = V® sin® x 
2998.5 








Mi. De Saint Venant. 


Julius,Weisbach. 


W.JB. Ronkine. 


Lowis D.A. Jackson. 
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in French inches which reduced to imglish foet becomes 
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From their experiments mado in 1851 and 1658 at Vicks- 
burg and on other bends between Baton Rouge and Carroll- 
ton they found that DuBuat's English unit formula gave 
too small values and that the formula should be 


2 ; ; 
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Memoire sur l'influence retardatrice de la courbure dans 
les courants d'cau, Comptes Rendus, v.54, pp. 56-42. 
(1862) 

Quotes DuBuat's formula and gives data on several 
tests with calculated and observed losses. 


Die Experimental Hydraulik, 1663; Der Civil iginicur, 
ve IX, 18635; Der Civil Enginieur, v. A, 1864; Theor- 
etical Mechanics, Translated by H.B. Coxe, 1899, p.897. 


From his own experiments and from the results of some 
observetions made by DuBuat, the author has deduced the 
following empirical formula for the cocfficients of re- 
sistance of water in passing through bent pipes. 


For bends with circular cross-sections, 
7/2 
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He then gives for various ratios of 
coefficient fF 


; values of the 


KS 


coefficicnt of contraction. 
radius of curvature. 
= coetficient of rosistance. 
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Applicd Mechanics, Chas. Griffin & Co., London, Hd. 5, 
1870, 648 p., illus. 


Quotes Weisbach's formula but contains practically no 
discussion on the subject. 


Hydreulic Monual and Statistics. W.H. Allen Co., London, 
1875, Ed. 3, PpPe 50-57. 


Quotes ca formula, apparently DuBuat's, and gives 
Humphrey's and. Abbott's modification of DuBuat's formula. 
Also quotes Weisbach's formula for bonds of pipes. 


John Neville. 


1. Boussinesa. 


Jomes Thomson. 


+ 5H - 
Hydraulic Tables; Coefficicnts and Formulac. Ed. 3, 
Lockwood & Coi; London, 1875. 494 p., illus. 


"Y.eee Fesistarice due to bends arc indepmdent of the 
pressure." : 


"Tho oxpcriments of Bossut, DuBuat, ond others, show 
thet the loss of head from bends and curves - like that 
from friction — incrcases as the square of the velocity; 
but whon the curves have large radii, and the bends are 
vory obtuso, the loss is very small. With a head of 
nearly 5 fect, Venturi's twenty-third cxperiment, whon 
reduced, gives - fora oe ae straight tube 15 inches long, 
and iva iichibe in diameter, having the junction of the 
form of the contracted vein - very nearly 0.873 for the 
coefficient of discharge." 


"Nr. Mellctt's oxpcrimonts with o siphon tube 6 inches 
by 13 inches, about 3 fcct long, suited for weir crests 
and a straight tube of the samc dimonsions every way 
abet IESG ats from 0.860 to 0.874 due to the bend." 


"Neither DuBuat | nor Young took any notice of the rela- 
tion that mst exist betweon the resistances and tho ratio 
of the radius of curvature to the radius of the pipe. 


Weisbech doos, and eR eae DuBuat's experiments with 


some of his own, ‘derived a formula'", 


"Mieisbach does not find the ee of hoad in a iene 

anguler bend greater then 0.984 ve ; while Verturi's 
is 
twenty-third cxperiment, made with cxtreme care, shows 
tho loss to be 1.876 yy" n 
2 

"It appears thereforo that the anount of the velocity 
of the water moving directly toward the bond must be 
baken into consideration." 
Essai sur la theoric des — caut courentcs. Momoircs 
A.L'Academic des Sciences 23, no. 1, 68p. 


Proccedizngs of the Royal Socicty, Mey 4, 1876; Procced- 
Ines OD Lie ehoyo) SOCcloLy, No. 182, 1877, DP.ooo: 
Proceedings Institution of Mechar nat ingineers, 

Aug. 6, 1879; Collected Pepers in Physics ond Engi- 
necring of Prof. James Thomson, by Sir Joseph Larmor 
end Jemes Thomson, 1912. 


"On the Origin of Windings of Rivers in Alluvicl 
Plains, with Remarks on the Flow of Water Round Bends in 
Pipes." Peges 96-100. (From the Procecdings of the 
Royal Socioty, May 4, 1°76). 
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Jamcs Thomson.(Cont'a) "Poople overlook the hydraulic principle, not gen- 
erally knowm, that a stream flowing along a straight 
ished vclocity along the cuter bank, ond an increased 
velocity clong the inmcr bank." Vhen "Why does not the 
inner bank wear evay more than the other onc?" Profes- 
sor Thomson advances his theory on the spiral flow or 
oblique motion toward the inner bank of the bottom fila- 
ments. "It is cspecially worthy of notice that the 
obliquc flow along the bottom towards the inner bank 
begins even upstream from the bend.” 


"Krom: Biographical .ckctchan. ‘Gollected Papers", 
page LXXTV. Professor Thomson made on his brother's 
lecturc,room tablo a clay model, of a river bend. Turn- 
ing on the water, he found the particles at the bottom 
of the channel Were carricd eacross to the imnor ban 
as he said they would, go. A wooden model was made for 
the exhibition in Xelingrove Muscum which Was prepared 
for the British Association. Ho had intonded to clear 
avey the original clay model aftcr shoving it to his 
brother. But when Sir Williom saw the expcriment, he 
insisted on keeping the clay medel as it was, in ordor 
to let members of the Associction sce the experiment 

ond hear the oxplanation from the cuthor himsolf. A 
short communication describing the oxpcriments vas sent 
afterverds to the Royal Sociocty. cter, on the sugges- 
tion of Prof. Barr, the course of the stream Lincs Was 
indicatcd by little spccks of aniline dye introduced so 
as to adhere to the: bed of the channel at varicus places." 

"Experimental Demonstration in respect to the Origin 
of Windings of. Riversin Alluvial, Plains, and to the 
fode of Flow of Water Round Bends of Pipes." 


(From the Proccedings of thc Royal Socicty, No. 182, 
LOFT. Dek Ootie} 


In this peper Prof. Thomson mentions the use of 
threads attached to pins standing upright like thin 
posts in the river, the threads. showing the direction 
of the currents Ho also used sand, peas, clover and 
poppy sced to show the direction of thc current. Neo 
sketches are shoim. The chennel used was 8 inches wide 
end bettcen 1 and 2 inches decp. 


"On the flow of Water Round River Bonds" (From the 
Procecdings of the Institution of Mechanical Engincors, 
read at a mecting in Glasgow, Aug. 6, 1879). 


n this article the sketches usually shown in text 
books are prosented, and elso the samc description as 
presented above. 
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Osborne Reynolds. On Certain Laws Relating to Rivors end Estuaries. 
Papers on Mechanical and Physical Subjects, 1887, 
en Views. Ds OL9 


"But, as was first pointed out by Dr. Jomes Thomson 
as affording on explanation of the generally observed 
fact that the beds cf rivers are sccured on their con- 
vex sides and silted on their concave, the layers of 
water adjaccnt to the bed do not always move in the 
general diroction of the stroam. There are often steady 
cross currents at the bottom, as in the case mentioncd, 
though such cross currcnts do not oxist cxccpt undor 
circumstances which may be readily distinguished. The 
most important of these is that pointed out by Dr. Thom- 
son - curvature in the generel direction of the streem, 
in twhhich case the ccntrifugal force of the more rapidly 
moving water above overbalences thet of the water re- 
tarded by the bottom and forces tho latter back towards 
the centor of the curve." 


"This action is universal, where cven the lateral 
bourndarics aro such as to require the wator to move in 
curved streams; the drift at the bottom does not fcllow 
the general direction of the stroam, but sets towards 
the center of the curve.” 


John R. Freeman. Experiments Relating te the Hydraulics of Fire. Strceems. 
LOS. AMG, Soc. Civ, mnein.s ve. 21, 1889, 


Gives some oxpcriments on resistance caused by bends 
in fire hose. 


Tests mado on bends like the sketchos. 


45° /-~\_2rft. rad. 0) e-ft. rad. ["]2,3,& 4-ft. rad. 


rene. 


".eeee Within these limits there wes more loss with 
the large radius than with the emeall. 


Jt. Fanning. Practical Treatise on Hydroulic and Water Supply Ingi- 
noerirg. Da Vor Nostrand, Now York, Ed. 11. 1893, 
644 p. 


Quotes Weisbach's fcrmula ond also gives cocfficicnts 
Tor. resistance’ to flov. 


Mentions experiments of DuBuct md Venturis’- «-: 
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M. Leliavski. Currents in Streams and the Formation of Stream Beds. 
6th Internat'l Congress of Internal Navigation, 
The Hague, The Netherlands, 1894. 


Discusses flow around bends, describes secondary 
currents in open channel bends and shows drawings of 
apparatus used in measuring the secondary currents. 


Thomas Box. Practical Hydraulics. Spon, Ltd., London, 1899 
SO siesta io ou 


Gives Weisbach's formula. 


Gardner S. Williams. The Foundation of our Knowledge of Hydraulic Curve 
Resistance. liichigan Technic, 1899, p.48. 


Quotes, DuBuat's tests as reported by D'Aubuisson 
gives data of Rennie's experiments, also Weisbach's 
experiments as published in "Die Experimental Hy- 
draulic" and Der Civilingenieur, Vols. IX and X, 
and Freeman's Tests on Fire Hose. 


M.E. Sullivan. New Hydraulics. Lining Reporter Press, Denver, 
1900, OULe Ds 


Sullivan advances. a new formula whith is» 


h=Arve 2 

ae Skee NIE -007764 
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in which r = 1/2 diameter of pipe. 
R =._radius of central are of bend in 
diameters of pipe. 

A = number of degrces of the are of bend. 
V = mean velocity of flow. 


Quotes Weisbach's formula and Rankino’s changed 
form of the Weisbach formula. Also mentione Rennic's. 
tests on a leaden pipe. 


Shows table of comparison of head lost from 
Wcisbach's and his own formula and then states that 
they may both bc low. 


N.D. Tiapkin. Apparatus for Mcasuring Velocities and Discharges 
in Open Channcls (Rivers and Canals). Publishcd 
by the Author, Professor in tho Moscow Impcrial 
Engineering Institute, Bachmctiewskaya, 15, Moscow, 
Russia, 8 Vol., 30 plates, 1901. 


N.D. Tiapkin. 
(Cont'd) 


C.W.L. Alexander. 
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Experiments of Leliavski described in this work are 
given in Engincering News, Vol. 52, 1904, pp. 183-186. 


The Resistance Offered to the Flow of Water in Pipes by 
Bends and Elbows, Proc. Insti'Civ. Engin., v. 159, 
1902, pp. 341-364. 


Mir. Alexander statcs that the Weisbach formula for the 
loss of head duc to right-angle bends was derived fron 
experiments by Vcisbach on a 1-1/4 inch pipe. 


Eis own tests were performed in 1901 and 1902 at the 
University of Birminghem. 


Ten wooden bends, cach 1-1/4 inehcs in diameter and 
With 6 inches of straight pipe on cach side of bend, also 
an elbow. Two inches from each cnd of bend, 1/8 inch 
holes were drilled for piczometer tubes. 


Diffcronce of pressures read by gage using a mixture 
of chloroform and toluol. Vclocitics determined by 
weighing discharge. 


Range of velocities, 1/4 to 8 fect per second. Curva- 
ture of bonds from 0.1 to 0.500 in r, where r = redius 
R 


of pipo, and R = radius of bond. 


He finds the loss is the lcast when the redius of the 
bend is egual to as times thc diameter of the pipe. He 
states "the sccond piezomoter should have been farthor 
avay than 4 inchos from the end of the bend, because that 
distance is insufficient for the disturbences sct up by 
the bend to complete their effect, and conscguently, the 
loss of hcad must heve been greeter than that given." 


A sot of equations arc given which arc Supposed to give 
the loss of head duc to bends. 


Eechanics of Engincecring. John Wiley & Sons, New York, 
1902 )4854-p.9 illus. 


For pipe bends Church (p. 728) sives Weisbach's 
formule 
Bh 
aa Oaol, £047 oth) in which 
(xr) 


K = coefficient uscd in following formula 


I.P. Church. (Cont'd 


A 
¥ 
wa 


“Then for 


T. Claxton Fidler. 
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radius of pipe | dial 
radius of bend to center line of pipe _ 
velocity in pipe vay. 


cifferent values of a, he gives values of K. 


Lr 


For open channels he says “according to Humphreys’ 
and Abbot's researches on the Mississippi River the 
loss of head due to a bend may be put 


ay Salta" ouew eee in which 
poo ee 
= velocity in feet per second 
Y = angle subtended by bend (must be in radians) 


Area F must be greater than 100 square feet and 
slope, s, must be less than .0008. 


Mentions experiments of Prof. L.F. Bellinger on the 
loss of head caused by a common elbow (for wrought-iron 
pipe), made during his student days at Corncll, 1887, 
Velocity range:2 to 20 fect per second. 


Calculations in Hydraulic Engineering. Longmans 
Green &'Co., 1902," Two Parte; Part 2, 203 p., 
my 


Quotes Weisbach's formula for loss in bends and 
tabulates the coefficients to use. 
V 


Rhee 
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Loss of head h 


Weisbach proposes to determine the coefficient 
by the following formula 
ee ae 
J. = 0.9457 (sin@) + 2.047 (sin 9 ) 
4 eu bee 
a a 
For circular bends of 90° with R = radius of 
curvature and r = radius of pipe, Weisbach gives 
the following values of y 
“4A 
Ratio = 06d Gee 0.8 0,2 eee 


Coefficients 
a OsiGi OFISS O.158 0.206 O2202 O40 
Fidler states these figures may suffice for a rough 


estimation of the loss of head due to bends but 
“further experiments are mich to be desired." 


- ii. 
Williams, Hubbell & Fenkell. Experiments at Detroit, Michigan, on the 
Effect of Curvature Upon the Flow of Water in 
Pipos, Trans... Amor. Soc. Civ, Engin. v. h7, 
1902, ppe 1+335. 


Experiments performed on cast iron water mains 
of Detroit, Michigan, from 1897-1901. About 21 ox- 
periments in all, 11 on 40-inch pipe, 2 on 16-inch 
and 6 on 12-inch pipe. all bends were 90-degree. 
Range of velocities from 0.5 to about 5.8 fect por 
second, 


The radii varied by the following ratios: 
30-inch pipe 


f Radius of curvature 
oe diameter of pipe 





1 


Pie Pies ey che 16, eh. 


12-inch pipe 
whe 
D 

16-inch pipe 
iE SnuPeSy one. 260.03. Oniienne 


re 

The results showed that (1) "under some condi- 
tions, in straight pipe, there is a difference of pres- 
sure at different points around the circumference of 
the same cross-section"; (2) "The effects of distur- 
bances of the flow of water in pipes are transferred 
for many diameters beyond the point whero the intor- 
ference occurs"; (3) "Curves of short radius, down.to 
a limit of about 2. diameters, offer loss resistance 
to the flow of water than do those of longer radius, 
and hence that the theories and practices regarding 
curve resistance, as set forth in the hydraulic treat- 
ises of all nations up to the present time are abso- 
lutely incorrect and the diametric opposite of the 
true conditions," 


In discussing this paper Irving P. Churéh points 
out the large ecrror involved if the pipe is not exactly 
the same diameter at each of the soctions where piczo- 
meters are made. Also that the resistance of flow was 
not increased bocause of tho larger radius of bend but 
because of the longer distance around the bend. 


Je L. Campbell also mentioned the latter point. 


Williams, Hubbell & 
Fenkoll. (Cont'd) 


A.r. Folwell. 


J.C. Trautwine, Jr., 


Gardner S. Willicms, 


H.C. hurphy. 


L.M.e Hoskins. 


Charles W. Sherman condemned using onc piczo- 
meter in the top of the pipe to record the pres- 
surc. Also stated long bends have meny joints 
and, therefore, causc groatcr lossos. 


D. Farront Henry doubts ability to gct air bubb- 
lcs out of thc water linc. The long piczomcetcr 


pipes of rubber are subject to constantly changing 


pressure as well as retaining air. 


H.W. Brickcrhoff said that duc to spiral motion 
the velocity inecreascs and, as energy of moving body 
is proportioncl to square of the velocity, the 
energy. absorbed will grcatly increasc. Also fric- 
tional rosistance along cdgo of the pipe will in- 
ereasc. More resistence where spirals separate end 
come together again. 


Notes on Lost Head in Water Supply Systems. Engin. 
News. ve 47, 1902, pp. 505-504. 


Quotes Weisbach's formala for loss of head duc 
to curves end gives results of Williams, Hubbell 
& Fenkell tests. 


Rosistance duc to Bends in Pipes. Proc. Amer. 
Water Works Assoc., v. 24, 1904, p.d28. 


Quotes icisbechts formale cand shows that by this 
formula rosistencc to flow in bend with right angle 
turn is grector then in a bend with a 90-degreo 
CUrVC 
Proccedings Amcr. Weter Works Association. v. 24, 
1904, p. 3352. 


Mentions his own tcsts end shows cquivalent 
losses in fcot of straight pipe for various 
specials and curves in 30-inch Wator main. 


Leliavski's Experiment on Streem Flow, Engin. 


‘ 
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News, v. 52, 1904, p.242. 


Discusses Leliavski's oxperimonts on helical 
motion of Wator in streams end steatcs that 2 sce- 
tion of a strcocam with such motion of filaments of 
water would not make © good gaging scction. 


Hydraulics. Henry Holt & Co., 1906. p. 75, 


"Tho loss of hocd in @ curved pipe is greater 
then thet in an cqual length of straight pipe. 


Ee! 


L. M. Hoskins. For 90° curves of short radius, the formula usually 
(Cont'd) given is that of Weisbach’, who assumed 
& 
BT (oFee ks Vo. 
eg 


and gave for K the empirical formula 
i. 
Ke ram 1g Led d Gly e in which r is the 
radius of the pipe and R, that of the bend. 


"At all events, Weisbach's formula should not be 
used when the radius of the curve is greater than four 
or five times the diameter of the pipe.” it 

Says experiments are too limited to derive general 
formula for longer radii. 


R. Busquet. A Manual of Hydraulics. Translated by A.H. Peake, 


Longmans, Green and Co., London, 1906, 4312 p. 
ATES « ae 


"Pipe lines in different directions ought to be 


joined by easy bends...." 


"Tt is evident that at the various changes in dire 
ection, the stream-lines collide with the sides of the 
conduit, and as a result shocks and eddies are produced 
causing losses of head which will be more important 
where the transition is least gradual, as where the 
junction is made by a sharp clbow, or a bend of small 
radius." 


"It is impossible to determine these losses of head 
from theoretical considerations, but empirical formulac 
have been established, which cnable an approximato 
estimation to bo made for cither suddon or gradual 
change of direction." 


"The following formula cstablished by Navicr, is 
useful in calculating loss of head in bends: 


es, ue (0.0127 0.0186 r) 2 
2 : - 0. 2 
ce r 


where) u * tho mean velocity in fcct per sccond 


fade © Re MB wh gE adh chee 40 radius of curvature of the 
wi: bend’ tnvtect. 
a © the length of are of bend in foct.” 


A. W. Brightmore. 
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Loss of Head in Water Flowing Through Straight and 
Curved Pipes. Proc. Inst. Civ. Engin. v. 169, 
1907, pp. 315-336. 


Experiments performed about 1902 at the (now non- 
existent) Royal Indian Engineering College, Coopers 
Hill. Brightmore made tests on loss of head in 3-inch, 
he-inch, and 6-inch straight pipes 50 feet long, also 


- loss of head at sudden contractions and enlargements 


and also loss of head due to bends. 


Laboratory had a tank of 14,000 gallons. ‘hen 
full, its top water surface was 50 feet above labor- 
atory floor. Cast iron volumetric measuring tank of 
same capacity placed beneath floor of laboratory. 


Loss of head determined in three cast iron pipes, 
namely, 43-inch, einch, and 6-inch diameter, each one 
50 feet long. Friction measured in length of 30 feet, 
first piezometer 9 feet 4 inches from beginning, and 
fourth piezometer 8 feet 9 inches from end. Range’ 
of velocities, 0.20 to 1.17 feet per second and range 
of head, 0.02 to 1.95 inches per 20 foot length. 
Determined following equations for straight cast iron 
pipe, inside rusted (which was facilitated by sal 
ammoniac) but not tubercled. 


SeiIncho Dips Vou = 
leinch pipe V 
6-inch pipe V 


in which V = velocity in feet per second, d = dia- 
meter in feet of pipe, and i = loss of head per unit 
length. 


Loss of head in bends on 43-inch and )-inch pipe de- 
termined; 4-inch pipe tested in 90-degree elbow and 90- 
degree bends of radii equal to 2, 4; 6, 8, 10, 12 and 1h 
diameters; lj-inch pipe tested in 90-degree elbow and in 
90-degree bends of radii equal to 2, h, 6, 8 and 10 dia- 
meters. Inside of pipes uncoated and were 


"Tt was found that most of the loss of head due to 
the bend does not take place in the bend itself, but in 
the straight pipe following the bend." Consequently, 
in measuring the loss of head, a length of straight pipe 
sufficient for the flow to become normal again was 
included with the bend, and the normal resistance 
this length of straight pipe was subtracted, so that 
the losses plotted in the curves are the oxtra losses 
due to curvature." In the 3-inch pipe bend, the 
one piczometer was l: inches preceding the bend and a 








allowed to rust. 


is TY ee 


A.W. Brightmore. piezometer 6 feet 8 inches following the bend, with a third 

(Cont'd) 16 feet 8 inches downstream from the bend. In the 4-inch 
pipe bend, one piezometer was 7 inches upstream from the 
beginning of the bend, a second 5 feet downstream from the 
end of the bend, and a third 12 feet downstream from the 
bend. In some of the 4-inch pipe tests the second piczo- 
moter was 6 foct 7 1/4 inches downstream from the cnd of 
the bend. 


"Since the loss of head is proportional to the square 
of the velocity, it may be inferred that thc loss of head 
in bends in pipes of any diamcter between 4 inches and 30 
inches, if the radius be thus chosen, about 3 to 4 diamct- 
ers Will not be grcater than that givon for a 4-inch pipe 
bend of a radius equal to 4 diameters." "With bends of 
the most suitable radius the loss of hcad is indepcndent 
of the size of the pipe." “It is also misleading to ex- 
press the loss of head in inches per foot length of the 
bend, for, at least in the case of short bends, the excess 
resistance is devcloped in the length of pipe beyond the 
DOM SS snctant' 


"In order to ascertain how much of the loss of head act- 
ually took place in the bonds and how much in the pipe fol- 
lowed the bend, duc to the rearrangement of the velocitics 
producing an excessive intensity of eddying motion there, 
it was necessary to measure the onergy contained in unit 
weight of the water as it passed the end of the bend. For 
this purpose the distribution of pressure and velocity 
across the cnd-scction of the bend had to be ascortained. 
In the first instanco, the difference of pressurc at the 
extremities of thc horizontel diamcter of that scction was 
measured for the five bends in pipes of 4 inchcs in diamet- 
er. It will be scen that the pressure was clways groatest 
at the outside of the curve, and thet tho difference of 
pressure in some cases was considerable. This suggested 
that the water moved round the bond more or less in a frec 
vortex, i. c., that the energy in each unit weight of 
water remains constant cxccpt for the loss of pressure 
due to resistancc. In order to be eble to compare the 
theoretical valucs of the difference of pressure at the 
inside and outside of thc bend, on this assumption, with 
the actual measurcments, it is necessary to deduce on ex- 
pression for that difforenco.” 
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may bo used to compute the difference of hcad between tho 
outside and inside of the bond." 


A.W. Brightmore. 
(Cont'd) 


Pa ta 


"The energy due to the velocity will be about the 
same at the commencement, because, although the veloc- 
ity is not uniform across the sections, its mean value 
is of course the same. Taking, therefore, the energy 
due to velocity to be the same at the ehd of the bend 
as at the beginning, the loss of head’ in the bend will 
be equal to the difference of the pressure head at the 
two ends of the bend. In order to estinate the pressure 
head in the water at the end of the bend, it is neces- 
sary to know the value of the mean presstirc, p; p must 
therefore be found in terms of D. and DP. my 


"Formula 5 cnables the pressure head at the ond of 
the bend to bo calculated when the pressure at the out- 
side and the diffcrencc between the pressures at the 
outside and inside of the bend are known." 


"It will also be noticed that the losses.of head in 
the bends themsclvcs are not gonerally greatcr than the 
loss in an cqual length of straight pipe for the same 
velocity, and therefore the additional loss of head duc 
to the presence of the bends must take placc in the re- 
distribution of the vclocitics in the pipes following 
them." 


Brightmore then makcs velocity traverses across the 
end scction of a 4-inch pipc bend on its horizontal dia- 
meteor. He gcts highor vclocitics on the inside of the 
cnd of the bend then on the outside .at the end of the 
bond. Ho docs not spcak of the dead space near the in- 
Sidc wall at the ond of the bend which is so apparent 
in the Iowa tests. 


Brightmoro's conclusions follow in part: 


(4). "That the-additional loss of head in right- 
angled bend pipes of these diamotcrs has a minimum value 
for bends of a radius cqual to four diameters, irrespec- 
tive of the velocity of flow." 


(5) "That the additional loss of head in pipes of 
these diametcrs attains a maximum for a radius of bend 
of six or scven diamcters and falls again for bends of 
greator redii." 


(6) "Thet the loss of hoad in right-angled bends of 
a redius giving this minimum loss is indcpcndent of the 
sizc of the pipe, and depends only on the velocity of 
flow ond the condition of the intcrmal surface of the 
pipes." 
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A.W. Brightmore. pr ; 
(Cont'd) (7) "That tho: additional loss of head in the ease of 
; short bonds occurs in the lcongth of pipe following the 
bend, owing to thc intensified cddying-motion there, duc 
to the refrrangemcnt of velocities.” 


(8) "That in the bonds experimcntod upon, the flow 
tends to approximate to a free vortox, the pressure 
being grectest at the outside and lesst et the inside 
of the bond." / 


(9) "Phe last conclusion is confirmed by the fact that 
the velocity was found to be a maximum at tho inside of 
the bend and a minimum at the outside, their relative 
values bcing approximately inversely proportional to the 
POs 


W.C. Unwin. A Treatise on Hydraulics. Adam and Charles Bleck, London, 
1907,  324p. illus. 


Discusses resistance at pipe bends. Gives Weisbach's 
. formula, Alexander's, and Williems’, Hubbell and Fonkell's 
tests. Discusses flow in river bends end gives Prof. 
Thomson's theory and experiments in detail. 


W.B. Gregory end Some Pitot Tube Studics. Trans. Amer. Soc. Mech. Engin. 
EW. Schoder *° Ve 10) 9 1908 9 Pp e ree. e 


Shows some vclocity treverses madc by Pitot tubo at 
various sections in a bend. 


Gardner D. Hiscox. Hydreulic Engincerine. Norman W. Henley Pub. Co., 
Now York, 1908, 615 p. illus. 


"The loss of head by long bends, say of a radius of 
ten diameters or morc, is very small and practically 
needs no consideration." 


Mentions Woisbach's formula. 


HE. T. Bovey. Hydreulics. John Wiley & Sons, Now York, Hd. 2, 1909, 
Deo De Abus, 


Quotes Weisbach's end Nevicr's formulas, and mentions 
Williom's, Hubbcll end Fenkell's tests. In flow around 
river bonds ho gives Prof. Jemes Thomson's theory and 
experiments together with his diagrams. 


¥.C. Loa. . Hydraulics. Edward Arnold, New York, 1908, Second 
Impression, 536 p. illus. 


"cisbach (Mochanics end Enginccring) from experiments 
on 2 pipe 1 1/4 inches diamcter, with bonds of various 
radii, cxpressed the loss of heed as 
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r being the radius of tho pipe, R the radius of the 
bond .on the center lino, and v the velocity in feet 
per second. If the formule be written in the form 


yt Sell 
2g df 

the table shows the valucs avd % for different val- 
ude of r 

zr 
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R 
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"St. Venant (Comptes Rendus, 1862) has given as the 


loss of head he at a bend, 


hh = 0.00152 .1L,jd fie Oe v" 1 fe nearly. 

n*R 22 RUA 

1 being the length of the bend mccsured on the 
center line of the bend and. d the diameter of tho pipe. 


When the bend is e« right angle 
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He also gives Aloxoander's formulas. 


Lea then (page 520) discussos Thomson's theory 
of flow around bends in open channels. 


E£.W.. Schoder. Curve. Resistance in Vator Pipes. Trens. Amor. Soc. 
| Civ. Engin. v. 62, 1909, pp. 67-112. 


In 1907, E.W. Schoder made at the Cornell University 
hydraulic laboratory, experiments on 6-inch, 90-degrec 
pipe bends of 12 different. radii (0.67 ft. to 10,0 Thiam 
Velocitics obtained by e calibrated brass nozzle. Pipe 
used wos wrought iron and cast iron. Range of velocit- 
ics from 2.5 to 16.6 fect per second. Two piezometers 
were used to get loss of head; one, 1.10 feet upstream 


EW. Schoder, 
(Cont'd) 


B.S) Bellasis. 


4 1D. 


from the bend and one 8,1 feet downstream from the 
bend. Two piczometers connected to a U-tube mercury 
manometer by moans of 1/2-inch rubber hose. 


Schodcr concludes that his oxporiments together 
with Brightmore's show a decreasing loss of head for 
an increasing radius‘of curvature. 


In connection with these same tests Schoder and 
Grogory made, by means of a Pitot tube, volocity 
studies at points 22 1/2 dogreos, 5 degrees and 
67 1/2 degrees from tho upstream ond of the curve 
with the 2.5 foot radius. Traverses were made both 
in the vertical and horizontal diameters. These 
traverses (Sec "Some Pitot Tubo Studies", by W.B. 
Gregory and E,W. Schoder, Proc, Amor. Soc. of Mech, 
Engrs., ve 30, 1908, p. 351) show quite similar 
results as obtained in the Iowa tests, 


Hydraulics with Working Tablcos. Spon and Chambcr- 
ein New ork; (nds 2, 1911 *yeaids.. aliiss 


"For bends in small pipes Weisbach found the 
loss of head to decrease as the radius of the bend, R, 
increases. Later oxperiments’ by Brightmore, Schoder 
and’ Davis, on pipes of diameter ranging from 2 to 6 
inches, show that H, is a minimum when R is about 
4-5), incroases somowhat as R increascs to about 7D, 
decreasos till R is about 15D, and then increases as 
R increases from 15D to @0D. 


Bellasis then gives a table of coefficients, K, 
in the formula 
Ce al - 
taken from the cxperiments of Weisbach, Davis, Bright- 
more, Schoder, and williams, Hubbell and Fenkecll. 


Cocfficiconts of Schoder arc smaller in every 
caso for small pipes, below 6-inch, than are thoso 


of other coxporimentors. 


For open channel bonds Bellasis gives the 
formula ° rae 


: Vv 
which reduces to 0.8 Be for a 90-dogres. bend 


= PO u 


E.S. Bellasis .(cont'!d) 
He then quotes James Thomson's theory and experiments. 


"As the transverse surface slope cannot commence or end 
abruptly there is a certain length in which they vary. In 
this length the radius of curvature of the,.bend-and the. form 
of the cross-section also tend to vary. This can often be 
seen in plans of river-bends, the curvature being less sharp 
towards the ends, This principle has been adopted in con- 
structing river training walls, and it appears to be sound 
as tending against any abruptness in the change of section. 
For training-walls to remove bars at the mouth of the Miss- 
issippi it has been proposed to construct, instead of two 
walls, only one wall having a curve concave to the stream." 
Ed. 4. page 2h9. 7 

"At a bend there is a 'set of the stream' towards the 
concave bank, the greatest velocity being near that bank; 
and there is a raising of the water levol there, so that the 
surface has a transverse slope. There is also a decpening 
near the concave bank and a shoaling at the opposite one 
but this is not all due to the direct action of centrifugal | 
force." 

GR. Davis. Investigation of Hydraulic Curve Resistance. Experiments 
with two-ifich pipe. Bullotin No, 04%. Univ. of Wis., 

Madison, January, 1911. 60 p. 


In the Wisconsin experiments by Davis, piezometers down- 
stream from the bend were placed 1 foot, 7 feet, and 17 feet 
or 5.82, 0.7 and 98.9 diamcters downstream. 


Tests were made on tecs and 90-dogree. elbows in 1908 
and 1909 at tho University hydraulic lnboratory. From 12 
to 26 tests were made on 12 different 90-degrce bends, all 
2 inches in diameter, Range of velocitics 1.6 to 1h. 
fect per second. Radii of bends ranged from 0.145 fect 
to 7.08 feet. Velocities measured by volumetric basin. 
Pipe used were cast iron, wrought iron and malleable iron. 


Net loss curvo plotted showing variation in loss with 
radius of pipe. 


John Eustice. Flow of Water in Curved Pipes. Proc. of the Royal Society 
of London, Series A, v. 84, Fob. 1911, pages 107-118. 
(Communicated by Sir J. Lamor, Socy., R. S. Reccived April 
25, - Read June 2, 1910.) 


Tests conducted at Hartley University College. Appar- 
atus consisted of a supply tank 2 fect in diametcr giving 
a direct hoad of 36 fect (1,100 centimotors). Supply tank 
connected to town water mains. Rubber tubing coiled ten 
times around wooden cylinders used for tests. Aroa of tub- 
ing 0.0735 sqare centimoters detcrmined volumetrically. 
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John Eustice,. 
(Cont'd) 


Cok ee 


Gages to determine loss of hoad sot 10 centimcoters apart. 
Total length of tube betwem gages 97.8 contimcters. 

Longth of coiled part of tube 81.5 contimeters. Rubber 
tubing coiled around wooden cylinders which were turned to 
the diametors noccessary to give a whole number of coils for 
a given length of tube. Amount of flow mcasured volumctr- 
ically. Timo of ono test about.100 scconds. Six different 
coils tested; about 20 tests for cach coil. Range of loss 
of head measured was from 0.54 to 1082.0 centimeters. Tests 
also made on rubber tubing stretched out full length placed 
on both level and inclined positions and on tubing squceczed 
into oval-shaped cross-section. 


Summary of results: 

1. "Tho flow in straight flexible tubes obcys the laws 
of flow in motnl tubes as investigated by Prof. Osborne 
Reynolds (Phil. Trans. 1883)." jf‘ 

2. "The flow obeys the index law both bolow and above 
the critical velocity, that is, in plotting logarithmically 
head against discharge the lines below and above the critical 
volocity are both straight." 

3. "Tho incrersed resistance cexprossod in terms of the 
loss in qiantity discharged, or in loss of velocity for a 
given loss of pressure, is givon approximately by tho formula: 


1 «1 
pois Hever (OE 
Vi 


' In which R is the radius of curvature of the coil. 


C is a constant for a constant hydraulic gradicnt. 
mn is index of V. in the. formula xy 


m 


S = 





lh. “The: slow recovery of the flexible tube from the 
strain duc to deformation caused by squeezing or by coiling 
adversely affected the cxperiments; but tho results of the 
time lag were not sufficicntly serious to affect materially 
the general deductions which have been made." 


Exporimonts on Stream Lino Motion in Curved Pipes. Proc. 
Royal socavcy or London, ~v., 65, pps LiG=13), Paper 
reccoivod January 26, - Rond February 16, 1911. 


Prof. Eustice studied the motion of wator in both U-shaped 
or 180-degree bends md 90-degreo bends. Tho 180-degree 
bends were circular glass tubos, 1 contimetcr in diameter md 
of the following radii 2, 4, 6, 8, 10, 25, 50 and 100 conti- 
meters. The 90-degree bonds were glass tubes, a centimeter 
in diamotor and of the following radii, 2, lL, 6, 8, and 10 
Gontimeters; also made tests in a 360-degroe tube and 
abrupt or sharp right angled bonds. 


John Eusticc, 
(Cont'd) 


Anonymous. 


for various tests, 


a Co = 


Velocities ranged from about 3% contimeters per 
second up to 18 centimeters per socond, One test made 
on a 180-degree bend with a diameter of 1.7 centimeters, 
all other diameters 1 centimetor. 


Motion of water studied by introducing various colored 
liquids, Color introduccd through scparate nipples. Out- 
let ond of tube connected to a rubber tube on which a pet- 
cock was placed to regulate the quantity of flow. All vel- 
ocities tested wore below critical velocity by Reynold'ts 
formula, 


"Thomson's oxporiments wore carricd out in open channels, 
and he has suggested that the theory of flow in curved chan- 
nels is applicable to pipe bends, In introducing the theory 
he states that a strcam flowing along a straight channel, 


- and thence into a curve, must flow with a diminished vel- 


ocity along the outer bank and an increased velocity 
along the inner bank. Tho author's experiments show that 
the motion at the commencement of a curve of a pipe bend 
is not that of a frec vortex, for the velocity is 
greater near the outside than it is noar the inside of 
the curvo," 


"There is another difference between the two enses. 
In an open channel there is freedom in a vertical dirce- 
tion, and, as Thomson has pointed out, the difference of 
pressuro between the inner and the outer banks causos 
the surface of the water to be inclined from the inner 


“to the outer bank of the curve. No such frecdom is pos= 
‘sible in a pipe which is running full, hence it is prob- 


able that the curvature of the stream lines is greater 
and the cffect of pressure on the transfer of water from 
the outer to the inner curve is morc pronounced ina 
pipe than in a channcl," . 


"The surface flow which commenced in the bend gener- 
ated vortices which persisted in the water flowing 
through the outlet straight part of the pipe. This 
shows that the effect cf a pipe bend or an angle is not 
only to increase the resistance to flow in the bend ite 
sclf, but also to increase the resistance in the contig-~- 
uous straight pipe after the water has left the bend." 


Loss of Head in Screw Pipe Elbows end Tecs, The Cornell 
Civil Engincer. v. 20, 1911. pp. 107-113, 


Discusses tosts of Daley, Schoder, Bain, and Davis, 
Gives values of K in formula yo 


~~ 


ees ae 
E.G. Hopson. 
Engineering Record. v. 64. 1911. pp. 480-461. 


Measured losses duo to friction and curvature in con- 
crote lined canal on Umatilla project in Oregon. 
Found Kutter's n in curve much higher than on tangent. 


Philip J. Markmann. A Theoretical Formula for the Curve Resistanvte 
to the Flow of Liqids. Paper before the St. Louis 
Engineers Club, No. 2, 1911; Canadian Engineer, ees 
pp» 504-507. 


Quotes Williams, Hubbcll and Fonkell tests, also 
Brightmore's, Schoder's md Freoman's oxpcriments; Der- 
ives a new formula 


(guat te lev" 
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jn which 1 = length of curve in foot, r = radius of 
curve in fect and Oo = loss of head fcr entire curve. 


I, Isanchsen. Innere Vorgange in stromendon Flussingkeiten und Gasen. 
Zeitschrift docs Veraines deutscher Ingenicure, 
Band 55, February and March, 1911. 


"Tho mothod of approaching problems of flowing witer 
by way of tho so-called classical hydraulics (assuming 
flow without friction) may lead to serious misunder- 
standing of the actual nature of flow in reality. The 
friction in flow cannot be represented by a singlo co- 
cfficient applied to the thoorctical results obtained 
by tho abeve mentioned method of reasoning. 


"Socondary currents, tho result of friction on flow- 
ing fluids, play a far more important part in the ba- 
havoir of fluid motion than most pcoplo realize. These 
socondary currents aro alwys creatod when the main flow 
is diverted." 


Discussos various cases where socondary currents 
oxist. The spiral flow in closed bends, the vortices 
produccd in the water turbine runner, the vorticcs occas- 
joned by the slight sidownys motion of a ship, and the 
condition of uncquel pressure and velocity in a quarter 
turn draft tube are 2ll mentioned and discussed. 

E.S. Bellasis. River and Canal Engincering. Spon & Chamberlain, 
London and New York, 1913, 215 p. illus. 


Bollasis discusses the acticn which takes place at 
bonds. "Whon once a stream has assumed a curved form, 
be it ever so slight, the tendoncy is for the bend to 
increaso. The groater velocity and greater depth near 
the concave bank react cn each othor, each inducing the 


E.S. Bollasis, 
(Cont'd) 


Anonymous. 


ah, 


other, The conenave bank is worn away, or bocoming 
vertical by erosion ncar the bed, cracks, falls in, and 
is washed away, a deposit of silt occurring at the con- 


vex bank, so that the width of the stroam remains tolcr- 


ably constant. The bend may §0 on increasing, and it 
often tends to move downstream." 


Engineering Record, v. 68, 1913. pp. 381-382, 
Article discusses various tests made on pipe bends 
and gives loss of head for bend with radius of bend ex- 


pressed both in feet end in diamcters of pipe. 


Engineering Record. v. 68, 1913, pp. 727-728. 


A new formula is deduced based on experiments as well 


as theory. Other formulas are discussed briefly. 


Loliger, Untersuchung des Druck und Strémungsvorlaufs in Schaufeln, 


Dissertation, Zurich, 191%. Discusses spiral flow 
in bends, 


Leland Rella Balch. Investigation of Hydraulic Curve Resistance, Ex- 


periments with Three Inch Pipe. Bull. 578, Univ. 
of Wis. Madison, 1913, 51 De 


All bends tested were 90-degrees with radii varying 
from 0.182 to 5.00 fect and with values of R/a ranging 
from 1 to 20, Velocities ranged from hl to 10 foet per 
Second. One piezometer was placed 1 foot above and one 
9 fect below the bend, 


The following conclusions were drawn by Mr. Balch: 
1. The total loss of headan bends decreases with 


an increase in radius until the radius equals about 
pipe diameters. For bends with radii greater than 5 


pipe diameters the total loss increases with an increase 


in the length of radius, 


2 
2. The curve factor, f, in the equation h = piv’ 


d 2g 


is independent of the diameter of the pipe but varies in- 


versely with the length of the radius. There is appar- 
ently a critical value of the radius of bond at about 5 
pipe diameters below which tho rate of change in the 

value of f is much groater than for valuos of R/a above 


4. The not curve resistance or loss of head due to 
the bend alone, not including pipe friction, decreases 
with an increase in radius of curvature toa value of 
R cqual to about 6 pipe diameters, and increases thorc~ 
after until the radius is equal to about 14 pipe dia- 
metors after which it decreases, 


ese 


Leland Rella Balch. 


(Cont'd) 


W.eke Fuller. 


RH. Gockinga. 


ll. Tho net curve resistance por unit length of bond 
is independent of the diameter of the pipe. It decreascs 
with an incronase in the radius of curvature and varics 
approximately with the square of the velocity of flow. 
Thore is scomingly a critical valuco of the radius of tho 
bend at about 5-1/2 pipo dinmoters, below which the rato 
of change in the net loss por unit longth with respect to 
tho radius of curvature is much greater than for valucs 
of radius largor than 5-1/2 diamctors. Tho not curve 
resistance as givon by the following two formulas appears 
to give fair estimate of the loss in bends having radii 
between 1 and 15 pipe diamcteors. 


For valucs of R/d less than 5-1/2 


-1.56 Be0 
Loss h = 0.003 (R/d) 2. Vv i 


For values cf R/a between 5-1/2 and 18 


rai Ze 

h = 0,000) (R/d) i a 

Loss of Head in Bonds. Jour. Mow England Waterworks 
Nesotey aie cl py 9LOs) pps 509-5el. 


Fuller states that experiments made by Schoder, Davis, 
Brightmore and others show that the Weisbach formuln docs 
not hold-for larger pipes under ordinary conditions of 
sorvice. "It scoms to have been assuned that the loss of 
hoad in bends on different sizes cf pipe should be the 
same when the radius of tho bond in terms of the diametcr 
of tho pipe were alike."Fuller seos no reason why this 
should be soe He plots one sot of curves using all past 
oxperimonts, with loss of head duc to the bend as ordin- 
ate and the radius of the bend in terms of diameters as 
the abscissa. Another sot is plottcd using "radius of 
bond in fect" as the abscissa and the same ordinate as 


before, Those last curves appear quite consistont. 


Fuller then plots for 1 5 feot velocity for differ- 
ent size of pipe, the excess loss of hoad in 90-degree 
bonds over that in tangents using radius of bend in feet 
as abscissac. He suggests cortain values for loss in 
90-dogree bends. Then for l5-degreo bends, he suggests 
using 3/4 that duc to 90-degree bend of same radius. 

For 22.5-degree bends use 1/2 that due to 90-degree bonds 
of the same radius. 


The Transverse Slope and Its Influcnce Upon the State 
of Rivers. Annales des Pontes ot Chaussces, Ve 84, 


(1-3) pp. 112-133, 1913- 


R. H. Gockinga,. 
(Cont'd) 


W. Honry Hunter. 


Gockinga discusses the flow of water around bends 
and dorives a formula for computing the difference of 
elevation of the water surface transverscly across 
the bond, His formula is 


nO bar Che Penn Alten a 


aA 4 
in which R = radius of tho bend to axis of stream 
ag distance to filament to be considered 
v = velocity of filament (mean velocity 
if total width is considercd) 
y = diffcrence of clevation of water 


surface. 


’ The difforence of level between the two banks is 
obtained by substituting successively +t b/2 and =b/2 
for x and by subtracting one from the other the valucs 
of y thus obtained. 

Gockinga discusscs spiral flow and mentions that 
M. Boussincsgq in his “Essay on the Theory of Running 
Water" Paris, 1877, says a "quasi-hclicoidal movement" 
must take place if there is a differonee of clevation 
of the water surfaco transversely. 
Rivers and Estuarics or Streams and Tides. Longmans 

Groon and Co., 1913, 69 p. illus. 


A discourse is given on the flow of water around 
bends. Quotes James Thomson's cxperiments. Hunter says 
"the water flows more swiftly" boneath the outer bank 
and "its erosive cffect is greater than on the opposite 
side." ” 


Philip A.. Morley Parker. The Control of Wator} D. Van Nostrand Co., 


New York, 1915, 1037 p. illus. 


A review of Saph and Schodor's oxporiments and 
of Brightmore's tests is given. Their tests "show very 
clearly that curve resistance is caused by a redistri~ 
bution of the velocitics over the cross-section of 
the pipe.” 

Parker then gives Alexander's formulas, also a 
diagram showing Brightmore's and Davis’ results plotted 
with loss of hcad in fect as the ordinate and tho ratio 
of the radius ofthe bend to the diameter of the pipe as 
the abscissa, He also gives Weisbach's formulas and 
states that Bellasis in Tho Engineor, May 26, 1911, ~ 
discussed all recorded experiments on loss of head at 
bends in pipes. Ho compares in a table the valuc of 
the coofficient in the formula 
nO Py 

oe 
for the various tests and finds they vary widely. He 
says the valucs are most unreliable, 


is ge 
Frank L. Busey. 
Loss of Pressure Due to Elbows in the Transmission of Air’ 
through Pipes or Ducts. Amer. Soc. of Heat & Vent. 
Engineers Trans. 1913, pe 436. 


Dr. Jacob Lell. Beitrag gur Kenntnis der Sekundarstromungen in gekrummten 
Kanalen. Zeitschrift fur das Gesamte Turbinenwesen 
‘Hert, 19,,20, and 41, July, 10,191, pp. 293-208, July 
20, 1914, pp. 313-317, July 30, 1914, pp. 325-330. 


Conducted tests on 180-degree bend of rectangular cross- 
section, 200 mm (7.87 inches) wide ad 100 m. (3.94 
inches) deep with 100 mm. inncor radius. Approach tangent 
4141 mm. long (123.23 inches). Discharge tangent 2,000 
mm. long (78.7 inches). At numerous cross-sections in 
the bend, ton piezomcters wero placed on bottom of channel, 
five on each side and from four to cleven on top. 


Sides and top of bend and of 1,000 mm. (39.37 inches) of 
approach tangent next to bend and entire length of dis- 
charge tangent made of transparont matcrial, (glass). 


Tests made in three qiantitics giving velocities of 3, 
6, and 9 mcter per second, The hoights of the water sur- 
faces in the piezomcters tubes for 18 transverse scctions 
were photographed. 


R. De Villamil. Motion of Liqids. E& F.N. Spon, Ltd., London 1914, 210 p. 
illus. 


Mentions Prof, James Thomson's work and quotes part of 
Thomson's paper in Proccedings Royal Socicty 1876. He 
states that Thomson says the highest velocity is along the 
inner bank, De Villamil then says that the river Indus 
did not flow like that. "The maximum velocity of the 
stream (in the river Indus) was always nearer the outer 
than the inner bank,” 


"T am aware of what James Thomson calls the Hydraulic 
Principle, and I quite agree that, if the liquid had no 
free surface, the velocity near the innor bank would be 
in excess of that near the outer bank = whether the liquid 
were viscous or not. Wator flows like that in a pipe," 
States that Bellasis also considers the greatest velocity 
next to the concave bank. 


Dr. Hubert Engles. Handbuch des Wasserbaues. Leipzig and Berlin, Verlag Von 
Wilhelm Englomann, 191), Part One, pp. 118-119 and 


39-3656 


Gives the following formula for bonds in pipes: 


ee 


h a ye 4 
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Dr. Hubert Engles. 
(Cont'd) in which « | 
Shug Orlane tec ees 
R 


We 


Give Weisbach's values for 9 for different valucs 
of r. 

R 

For flow in berids of opon channels, he mentions the 
spiral motion of the water in the bend and gives the fol- 
lowing formula for determining the transverse slope of the 
water in bends BD) 


| Sin & = . 


& 


sn which sin & is the transverse slope of the water sur- 
faco at the bend and r is the radius of the bend. 


Mansfiold Merriman, Hydraulics. Hd. 9, John W, Wiley & Son, N.Y. 1914. 
565 pe illus. 


Merriman adopts a formula of the form his 2 a ee 


where 1 = length of curve. 

d = diameter of pipe 

Vv mean velocity of flow 
nf 


1 = an abstract number 


Then for all the various experimenters; Weisbach; Castel; 
Frooman; Williams, Hubbell and Fonkel; Schoder; Davis; 
Brightmore, he gives for various ratios of 


radius of bend 
diameter of pipe 


— 


a 
d 


values for tho coefficient fie 
Ho also discusses Thomson's theory. 


E.H. Spraguc.e Hydraulics. Scott, Greenwood & Son, London, 1914. 
Pe 18) Pelus. 


Mentions resistance to flow of pipe bends. Gives 


values of C, in the formula H, = Cp Vv 
; Pe ee 
for various ratios of diameter of pipe to radius of 
bend. 
W.M. Wallace. Hydraulics: for Engineering Students and Engincers in 


Practico. Tho Technical Publishing Co., London, 
19, 280. papa ties ga 2 


= DO 
W.M. Wallace. 4 

(Cont'd) "At a bond in a river the centrifugal action tends to 
lift tho surface of the wator noar the bank further romoved 
from the center of curvature, and the head of water above 
the bed here is greater than that at tho opposite bank; con- 
sequently, currents are scot up crossing the bed from the 
place of highor prossure to the lower. Tho velocity of 
the stream is higher at tho outer bank and the turbulent 
motion duc to this, as well as the impact of the water on 
the outer bank, breaks up the sides and the particlos of 
sand and gravel aro carricd across the stream and deposited 
by the innor bank. This accounts for the great changes 
which have obviously occurred in the course takon by 
stroams." 


Louis A Martin. Textbook of Mechanics. v. 5; Hydraulics. John Wiley 
& Sons, New York. 1914. .223 p., illus. 


"No theory has been devised which leads to cvon approx 
imate valucs for these losses (elbows and bonds, valves 
and gatos.) Experimental investigations of these losses 
are fow in number and they are usually made on pipes of © 
small sizo. Fortunately on long pipe lines the frictions! 
rosistanecs are so much larger than the secondary resistances 
that thoso nocd scldom to bo taken into account." 


Fred C. Scobey. Tho Flow of Water in Irrigation Channels. U.S. Department 
of Agriculture. Bull. 1h, 1915. Gp. silue. 


“Rocommonds a slightly highor valuc of Kutbor sm 0m 
channols having sharp curves than for straight channels. 


Frank S, Bailcy. Diagram giving oxcess loss in 90-dcegree bends. Engin. 
News, Ve 75s 1916, pp. 412-13. 


A chart giving excess loss of hcad in 90-doegree bends 
sn cast-iron water pipe is shown. This chart is based on 


the formula 

He = K yore 
in which K is a coefficient, different for bends of dif- 
forent radii. 


Ben Morrell. Lost Hoad Diagrams for Bends in Water Pipo. Engin. News, 
Ve he. PPe Z02-l. 


Peo eat tyoWerot 40° 5, eo, lcrand LO feet por second, 
Morrell plots on a scparate diagram for coach of those 
volocities all experimental data with lost head in feet as 
ordinate and the ratio of the radius of the curve to the 
diamcter of the pipe R/d as abscissa. Thon he plots by 
jnterpolation, on a diagram using the samo ordinates the 
lossos for various velocitios from 4 to 16 fect por 
socond.e 


aSFO < 


Ben Morrell. (Cont'd) 
He leaves out the Williams, Hubbell and Fenkell 
data because he considers the piezometers were placed 
too close to the beginning and end of the bends. 


Morrell's curves for lost head are for 90-degree 
bends. He suggests that for 145-degree bends allow 
L/3 loss in 90-dezree bends of same radius. for h5- 
degree bends, allow 23 loss in 90-degree bend of same 
radius, For 22-1/2-degree bends, allow 1/2 loss in 90- 
degree bend of same radius. Morrell considers the loss 
the same regardless of the size of the pipe although 
he says it is not correct to do so but it will have to 
be done until more experiments are made on large pipes. 


F, zur Nedden. Induced Currents of Fluids. Trans, Amer. Soc. Civil 
Engine v. 80, 1916, pp. S896. 


Discusses secondary currents in pipes end pipe bends. 
States that according to Isaachen's experiments the — 
velocitics of stream lines are inversely proportional 


torthety rediipot curvature. slivers and rs represent the 


outer and inner radius, respovtively and pas and vs 


the corresponding velocities at these radii, the follow- 
ing equation holds good: 


Vee Vie oot aaae vA a 


Oli yaa, 1G = See OT te Vv eH = C, whore C is 4 
a a y ai 1 aig 


constant, and r,, the radius of the ncutral axis, and v, 


the velocity at this axis which is equal to the mean 
velocity in a straight channel of identical cross-sec- 
POIs 


"The critical specd for water at the same temper- 
ature, 65 to 70-degree Fahrenheit, and ordinary h-inch :. 
iron pipe, is about 1 foot por sccond.” 


The difference of the outside and the inside press- 
ures in the bend Vv 2 
cg aa v6 Op 


Ay 

It was found that the induced currents originate 
in the strata nearcst the covers (of Loll's apparatus) 
and gradually increase in volume and intensity while 
the main current flows foward. States that tho extra 
resistance causod by a circular pipe or coil as ob- 
servod by Weisbach does not oxceod that of its first 
quadrant, This fact further. pormits us to apply to 
90-degree bends Pfarrts results on a 180-dogroee bond, 


- 31 =. 


F, zur Nedden. iy | ere 

(Cont'd) ' The extra loss observed in bends comes from: (1) ’ 
"The loss of head caused by impact of the induced currents 
against each.other midway betwem the top and bottom. 
(2) The resistance in free cross-sectional area owing to 
the space taken up by eddies accompanying this impact, 
(4) The losses of head due to repeated acceleration and 
retardation of every single vein changing its speed in 
rapid succession." 

The roughness of the walls of the bend can only have 

a subordinate influence on the resistance due to cur- 
vature. 


| A considerable part of the article is devoted to 
the effect of bends in suction pipes on the efficiency 
of centrifugal pumps. 


Discussion of paper by Clemens Herschel, Carl 
George De Laval, and John Trautwine, Jr. 


James Park. Loss of Head Due to Bends in Circular Pipes. A text 
book of Practical Hydraulics, Chas. Griffin & 
Co., London, 1916, 28l, p. illus. 


"Weisbach'ts formula hy =f 6 y" 
180° 2g 


in which hy = loss of head in fect 


6 


» 
3 


angle through which pipe is bent 
a coefficient of resistance 


1} 


"The value of | is deduced from the empirical 
formula 7/2 
ne Os13L + Lelia) 
(R) 


in which r = radius of the pipe itself 
R = radius of the curve to the center line 
of pipe. 


Values for r are given for various values of r. 
X\ — 
R 


Mentions in curves in flumes that "the water has 
a tendency to pile up against the concave bank," 


Fred C. Scobey. The Flow of Water in Wood-Stave Pipo. U.S. Dopart- 
7 mont of Agriculture. Bull. 376, 1916, 96 p. illus, 


FE. Gicseckec. The Friction of Water in Iron Pipes and Blbows. 
i Amor. Soc. Heat. & Vent. Engin. Jour. July 1917. 


Gives experimental results. 


S.E. Slocum. 


H.W. King. 


Edward Wegmann. 


t 
WN 

Po 

F 


Elements of Hydraulics. McGraw Hill Book Co., New 
Yorks Bde 2, 19tf, Seg De silus. 


Quotes Weisbach's formula, also William's. 
Brightmore's, Davis', Balchts, and Fuller's work-are 
mentioned. Gives Fullerts curve, table and conclu- 
sions in much detail. 


Handbook of Hydraulics. McGraw-Hill Book Co., Now 
York, 1918. 22 p. illus. 

; : . eee 

King givos W.E. Fuller's formula Hy = OV 

in which hy = loss in hcad for 90-degree bonds; Cc, 

$s a coofficicnt varying with the radius of the cen- 

ter line of the pipe. He gives Fuller's values for c. 


King then gives tho formula i = ah ve 
eg 


and, gives values for K (page 186), He quotes 


Fuller's conclusions. 


Conveyance ond Distribution of Water for Water Supply. 
D. Van Nostrand Co., New York, 1918, 663 p. 
illus. 


"The first expcrimonts on the additional loss 
of head caused in a water pipe by curves were madc, 
about 1777, by Bossut (Sec The Foundation of our 
Knowledge of Hydraulic Curve Resistance by G.5S. 
Williams, Michigan Technic, 1899, p. 8), with a 
pipe 0.09 fect in diamcter and about 53 fect long. 
DuBuat (1786), Venturi (1797), end Rennie (1831) also 
made experiments on the resistance caused by curves 
in pipes." 

Wegmann gives Weisbachts cocfficicnts, also 
JeRe Froeman's tests on fire hose, Williams! Schodcr's, 
Brightmore'ts and Davis' tosts. He gives as a conclu- 
sion the curves drawn by Bon Morrell, (Engin. Nows, 
Fob. 17, 1916, page 302) Asstt Engincer on the Water 
Works of St. Louis. Morrcll docs not include the 
Dotroit tests in his curves. Wogmann advises using 
Morrell'ts curves to determine losses for various 
voloGitiés and ratios*of R= Radius of Curve , 

D Radius of Bond 


"The conclusion of Williams, Hubbell, and 
Fonkell tthat curves of short radius, down to a Jamia 
of about two and onc-half diameters, offer less re- 
sistance to the flow of wator than do those of longer 
radius! is not in accordance with the careful exper- 
smonts made subsequently by A.V. Saph and EW. Schoder, 
Goeorge J. Davis, Jr., and Arthur W, Brightmorc.” 





» BA. 


Frank S. Bailey. Diagrams for excess loss of head in pipe lines, 
th Engin. News-Record, v. 8%, 1919, pp. 162-163, 


Gives three charts for determining loss of head 
in 90-degree bends, gate valves, and increasers 
based principally on Fuller's formula. Questions 
reliability of the theory on which the Markmann 
formula is based. 


Dean E. Foster. Effect of fittings on flow of fluids through pipe 
lines. Amer. Soc, Mech. Engin., v. 2, 1920, 
PPe 67-669, 


Abstracted in Engin & Constr., v. 54, 1920. 
De SOU. 
HY in Mech, Engin., v. 42, 1920, 
pp. 616-618, 
’ in Power Plant, v. 24, 1920, pp.115- 
LG 
A in Power, ve 52, 1920, pp. 1032-1033. 


Quotes Meier's formula for determining resistance 
offered to flow by fittings and gives table to show 
equivalent lengths of straight pipe to allow for 
various screw fittings. In the discussion on the 
paper, F.E, Giesecke, page 661-662, questions the 
accuracy of Meier's formula and mentions tests mado 
by himself on pipe fittings in 1911 and 1912 at the 
Texas A & M. College and again in 1916 and 1917 at 
the University of Texas, lator published in Univer- 
sity of Texas Bulletin No. 1759, "The Friction of 
Water in Pipes and Fittings." 


Meier's points out, in discussion, that a formula 
is merely an approximation for convenicnec. 


Meansficld Mcrriman. Amorican Civil Engincers Pockct Book. John 
Wilcy ond Sons, Now York, 1920. Ed. lh. 1591 p. 
LLiluss 


"The effect of curvature (in pipes) is to increase 
the loss of head. The loss of hoad duc to a curve 
may be stated in terms of the vclocity head ea Oi 
better, in terms of the cquivalcnt length of straight 
pipe which would give the same loss as the curve." 


"The loss in the curve should be measured as the 
excess over that in an cqmal longth of straight 
_., pipe." He thon qotes W.E, Fuller's conclusions 
as given in the New England Watcr Works Association, 
Dec. 1913. 


~ - 3, - 

Mansficld Merriman. . ec 

(Cont'd) On page 1717 (Sec. 16, Harbor and River Works, 
by Admiral F.R, Harris) a discussion of crosion and 
scour at river bonds is givon. Thomson's theory 
is not mentioned but diagrams similar to his are 
shown and the same theory of spiral flow is givon. 


ReGerse Minikin, Flow Round Bends. Practical River and Canal Engi- 
neering. Chas. Griffin & Co., London, 1920, 
P1Omp. aes 


"The least understood of all river phenomena is 
that of the flow round bends and the action of the 
water in its passage." 


"The goneral facts aro:-- 


1. There is an incroasing deposit on the inner or 
convex bank. 

2. There is constant crosion on the outor or 
concave bank. . 

3. That the radius of curvature tonds to decroase. 

ht. That tho greatest depth is under the concave 
bank,” 


Minikin thon gives Thomson's theory and his 
diagram. He states the decpest part of tho river 
ig downstream from the middle of the bend near the 
outer bank. Likewise the highest deposit is down- 
stream from the middle of the bend and is noxt to 
the inner bank. 


"The line of maximum velocity depends upon the 
curvature.” "Tho deposit does not take placo until 
the direction of the curront tends to leave the 
inner bank and finishes where the general dircec- 
tion ofsthercurrent lagainimocts it,safter boing 
deflected by the outer bank," 


"The greatost dopth is always in proximity to 
the greatest resistance to the flow of the water, 
and is duc to tho increased local disturbance con- 
seguent on the waters being deflectod from their 
original path." 


"As the greatost crosion is always dovmstream 
of the summit of the curve, the tendoncy is for 
the bond to travel downstream." 


Gives notes on actual cases."....facts cmpahsize 
the woaknoss of theorizing on the flow of rivers, 
and the ongincer who tackles river problems for the 
first time must study the particular casc with great- 
est care, and find his own facts.” 


S. M. Woodward. 


W. F. Durand. 


Harrison P, Eddy. 


Hydraulics of tho Miami Flood Control Project. | 
Technical Report, Part VII, Miami Conservancy 
District, Dayton, Ohio, 1920, 343 p. illus. 


"The ‘layers (of water) at the bottom have a much 
slower. velocity than the contral layers or top layers." 
"The fastest moving water gradually shifts towards 
tho outer bank as it moves around the bend, and there 
is a compensating creep of the slower moving water 
near the bed of the channel towards the inner bank," 


The formula for computing the difference of 
elovation of the watcr surface botween the inside 
and outside of a bend is given. It is 





; 2 
Difference in clevation-of Water Surface = V = 
in which v = velocity of water 6 
b = width of stream rt) is 
R = radius of curvature at conter of stream, 


Hydraulics of Pipe Lines. D. Van Nostrand Co., 
New York, 1921, C71 p. illus. 


"The loss is duc to the work required to bring 
about the readjustment of the lines of stream flow." 
He then gives Weisbach's cocfficients, also data of 
Williams, Hubbell and Fenkell, Brightmore, Schoder 
and Davis. i 

"The trond of the investigation indicates, as 
would be expected, a general decrease in the loss with 
increasing values of the radius of the bend." 


Effect of Curvature Upon Flow in Open Channels. 
Eng. News Record, v. 87, 1921. Dp» 516-517. 


Eddy does not believe in the application to open 
channols of data obtained on closed pipes under pres~ 
sure. He mentions Humphrey's 
and Abbott's work and Markmann's, Fuller's and 
Morrell's papors. He also gives a table of Kutter's 
n for curves and tangents in various channels. 


"Tt appears probable that in artificial channels 
for which the coefficient n in Kutter's formula would 
Hot exceed about 0.025 for a straight channel, an 
addition of from 0.003 to 0,005 should be mado to the 
coefficiont for soctions in which tho amount of cur- 
vaturo is considorablc." 


E. Bayerhaus. 


- 36 - % i 
Dic Wirkungon ciner Krummung in Offen Wasscrlaufen 
auf Bewegungsorgang und Bottgesyaltung. Zeit 

fur Bauwesen, v. 72, 1922, pp. 156-163. 


~Bayerhaus discusses the principles on which the 
actual movement of water in bends takes placc, then 
gives the results of some experiments in a smooth 
cement channel without sand. He gives the shape of 
the water surface in the bend and the distribution 
of velocities. 


"The phenomenon observed in nature that on outer 
Side of the bend the velocity is greater than on the 
inner side is therefore mercly the consequence of the 
transportation of the water filaments that finally 
takes place and would not be possible if (as the result 
of friction on the bottom) at the very ‘entrance into 
the bend the velocity of the different layers lying 
over one another did not vary. Since however the 
transportation takes time and the wator keeps flowing 
further, then the increase in velocity on the outer 
as against that on the inner side of the bend only 
occurs after the water has run for a distance through 
the bend, thus rather near the end of the bend and 
beyond it, whilst at the beginning of the bend the 
carlicr observed phenomenon of an increase of vcloc- 
ity at the inner side of the bend and decrease of 
velocity at the outer side must be apparent. The two 
phenomena are strikingly confirmed by experiments in 
the Experiment Institute for Hydraulics and Ship- 
building in Berlin," 

"In consequence of that the middle of the stream 
(with the current) at the boginning of the bend runs 


at first almost in a straight line and the continues 


in a steadily inercasing curve. From that it follows: 


AD) “that finally the curve must become sharper than 


corresponds to the course of the shore and (2) that 

the curving of tho path of the middle water filaments 
continues far beyond the end of the curve in the shore, 
Since the change of direction which was held back at 
the beginning must be finally made upe That explains 
the well knowm fact that the erosion of a bank first 
sets in toward the ond of a bend and generally extends 
far beyond the end of the curve in tho shore," 


“"That causes here in accordance with what was 
explained above a strong impulsion of the more slowly 
flowing bottom laycr toward the inner side of the bend 
(therefore here toward the right bank). Tho sand 
torn out of the bottom by the ineércascd currents moves 
Spirally toward the protruding bank and scttles where 


o 9 & 


E. Bayerhaus. the current by’ reason of the excessive centrifugal © 
(Cont'd) force of the sharp bend can no longer follow but 
detaches itself from the shore." 

"The cross current caused théreby takes the sand ~ 
in connection with the longitudinal current in a spiral 
movement away from the left (outer) bank and forms a deep 
channel out of which the sand at the end of the cross 
current is carried over to the opposite shore and there 
part of it is caught in the center current running to- 
ward the bank and deposited in the above mentioned shore 
at and below the bend in the right bank," 


Velocity measurements were made by means of a 
Pitot tube in an open channel with about a 1le5-degree 
bend with the approach tangent to the bend about 150 cm. 
long and the discharge tangent 00 om. long. The channel 
had a top width of 60 om. (23.6 inches) and depth, 14 cm. 
(5.5 inches); side slopes were 14 to 1. Depth of flow 
in tangential part of channel about 10 cm. (1, inches). 


Average velocity in tangential section about 110 om. 
per second and in bend (on inside of bend) about 150 om, 
per second, Velocities taken 4% millimeters under the 
surfacee 


"TP for instance the radius of curvature on the 
inner side of the bend is half as great as that on the 
outér Side, then the velocity inside must be twice as 
great as outside. The observations we have of flow 
through a smooth channel agree essentially with this 
(not counting the effect of friction on the walls and 
the slight depth at the edges.)" 


"The earlier mentioned rotatory turning movement in 
flowing through a bend in consequence of which at the outer 
side of the bend the upper layers of water rush downward 
and on the inner side those at the bottom ascend is shown 
by the fact that on the outer side of the bend the veloc- 
ities at the bottom are no longer smaller but in spots 
even greater than those at the surface." 

H.W. King and C.0. Wisler. Hydraulics. John Wiley & Sons, New York, 
Mee a Bow 45. @29e Ps illus, 

: The authors give the deductions drawn by Fuller 

and give a table for coefficients in the formula 


hare 
K ve 
eg 


for various velocities and different radii. 


=, BEM 
H.W. Medaugh. toss of Head due to Bends, Engin, and Constr., v. 58, 
LOEE Dew DIYs 


Medaugh states that previous experimenters neglected 
to consider eddy losses occurring above the bend. He 
states that his experiments on a "number of carefully pre- 
pared bends of rectangular section indicate that eddying 
does take place above the bend," 


Curtis McD.Townsend. The Hydraulic Principles Governing River and Harbor 
construction. The McMillan Co., New York, 1922, 189 p. 
il ise. 


Townsend mentions Gockinga'ts article and gives 
Gockinga's equation for determining the ee of cle- 
vation in the water surface. 


"Thése theoretical computations have been confirmed 
by observations. on the Mississippi River, whore differ- 
ences of head of about 1 foot have been observed on oppo- 
site banks of bends, with mcan mid-section longitudinal 
slopes of about 0.4 foot per milc." 


Ho then mentions tho heliocoidal flow of water in 
bends as domonstratcd by Thomson and states "The dirce- 
tion and velocity of such currents on the Dnicpor River 
were measured by M, Leliavski as described in a papor 
presented to the Sixth Intcornational Navigation Congress 
hold at the Haguc in 189. From the results of his ox- 
periments, Leliavski came to the conclusion that ina 
bend surface currents converge toward the concave bank, 
along which a stream of wator flows to the bottom of the 
river, thence move to the convex side in divergent curr- 
ents, and thon gradually risc to the surface. He found 
not only that these currents have sufficient foree to 
cause caving of banks of clay, sand or gravol, but he 
found evidence also that they had caused crosion in the 
lava rock which forms the bed of the river at tho Dnicper 
rapids. The greater depth was found where tho greatcst 
number of surface filaments of water converge on the con- 
cave bank, If the radius of curvature is uniform, this 
point occurs at some distance below the middlo of the 
bond." 


"Tho influonce of a circular band, morcover, affects 
the straight sections of a conduit for a considcrablo dis- 
tanec above and bclow it. Bolow the bend, it is evident 
that a considerablo distance is required to transform the 
helicoidal motion again into a rectilincar motion, since 
this transformation deponds on the incrtia and tho fric- 
tional resistance of the particles of water." 


” 
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Kazuo Kumabe. An Experiment on the Flow of Wator Through a Circular Bond 


Bothy Lewitt. 


R.A. Monroe. 


Rene Kocchlin,. 


_ reasoning. 


of Rectangular Section. Soc. Mcech. Engincers, 
Tokyo, Japan, v. 26, moe 73; Juno, 1924, np. 29567. 


‘Experiments wore made in July, 1921, at tho Tokyo 
Imperial Univorsity. The rectangular pipo was mado of 
wocd covered with glass, channel 2,96 inches wide and 1.56 
inches decp. Tho mean radius of curvaturo of tho bond 
was 4.5 inches. Velocity moasured by gotting discharge 
over a 60-degree triangular-nctched weir. Prossuro dis- 
tribution around bend was measured. Bend was 90-degroe 
with approach tangent 27 inches long and discharge tan- 
gent 115 inches long. Seven piezometors 1/8 inch in dia- 
meter placed 1/2-inch apart ame LCloor nt "cach of soven 
sections on the bend and seven sections on the two tan-~ 
gents. Piczometors also placed in inside and outside walls 
at each scction. 


Seven tests were mado with vclocity range from 1,97 
to h.71 fect por second. 


Kumabe then derives a formula to compute the dif- 


forenecs of pressure in the section midway around the 


bend and his computed valucs chock the observed values 
very closcly. 


"The real loss duc to the bend is perhaps much smaller 
than those reported to be, because in the long. run, tho 


energy once apparently consumed will bo recovered." 


"The loss of head duc to a bend could be minimized 
if the center line is made parabolic." 


Hydraulics. © Sir Isanc Pitman & Sons, Ltd., London 
and New York, 192%, 261 p. illus. 


Mentions James Thomscn's article and quotes his 


Tests of Friction Losses on Large Penstock,. Kngin,. 
News-Record, v. 91, 1924, pp. 598-599. 


Mentions the fact that no satisfactory data for 
loss of head in bends in large pipe are available, 


Mecanisme De L'oau. Faris, igen, “oe, tess 


Considers winding flow of rivers. 


HG; Acres. 


F.W. Medaugh. 


Lynn Perry. 


Je 


AOrN. 


atte: 


The Generation of Hydro-Electric Power in Canada. 
Jour; Canada Engin. Inst. July, 192), pe. 3916 


"The thoory of this design (of bonds) is more con- 
jectural than mathematically precise and is bricfly to 
this offect; (a) that the loss induced by the deflection 
of the stream lines will be’ a minimum if tho agency pro- 
ducing the disturbance, namely, the curve itsolf, is 
made as short as possible, and (bd) that the turbulence in- 
duced by the change in diroction of flow will be reduced 
and more or loss locnlized if extra lateral space is pro- 
vided at the seat of disturbance, so that whirls and 
oddics may be quickly dissipated, instcad of being forced 
forward into the straight section of the waterway. Tho 
first requiroment is met simply by making the radius as 
short as possible, and the second by making the curve 
equiradial." 


Elementary Hydraulics. D. Van Nostrand Co., New York, 
152, wall) emy Tle. 


Shows Schoder's tests that high velocity is on the 
outside of the pipe at the ond of the bend. Gives photo- 
graph of gradient of tosts made by himself. Montions cx- 
periments of Williams, Hubbell and Fonkell, Brightmore 
and Davis. 


Tosts of Loss of Head in Standard Elbows and Tecs. 
Engin. News-Record, v. 92, TLO2b ss. OUON 


Gives diagrams for determining loss of head in 
elbows and tees. Uses different values of K in the 
formula 42 
Hs Wee You et 

eg 


for computing the losses in different clbows and tcecs. 


Ober de berekoning der drulkverliezce in bochtstukkon. 
Waterstaats-Ingonicur, v. 12, 1924, pp. 243-37, 
7 bass / , 


Old formulas of von Weisbach have proved unrel- 
jable and a mothod based on later investigations by 
Fuller are given for calculaticn of pressure losses in 
a fluid passing through an clbow, Table giving actually 
moasured losses at powcr plant of Tyssadal (Norway), 
proves greater accuracy of Fuller formulas. Gives 
charts for calculating losses according to both methods. 
(Abstract from Engincoring Indcx.) 


John Eustice, 


AH. Gibson, 


- il a 


Flow of Fluids in Curved Passages. Engineering, 

ve 120, 1925, pp. 60-605, (Article reprinted 

in Water Works, April,-1926, pp. 178-180, ) 

"The total loss of head which occurs when a fluid 
is flowing in the curved part of a pipe, is made up of 
frictional losses caused’ by the flow close to the surface 
of the pipe together with the losses caused by centrifugal 
force which, in a circular pipe, generates vortices in 
the fluid and these vortices augment the éffect of vis- 
cosity; or expressed in another way: If a curved pipe is 
interposed between two straight pipes, the increased re- 
sistance to flow appears to-be due to a loss of momentum 
consequent on changes in direction of the motion of the 
fluid in the curved: part‘ of the pipe, vortices being 
formed which, after the fluid leaves the curved pipe, 
continue in the straight pipe. The total loss of head 
apparently bears some rolation to the ratio of tho radius 
of curvature, R, to the diameter D,". ie 


Prof. Eustice apparently believes in the "rebound 
theory." If the ‘fluid passes in line with the discharge 
tangent on its last rebound, the resistanco will bo a 
minimum, The ratios of R/D which give the minimum ro- 
Sistance-are 2.91, 12.63, 28.9 and 52.0. 


Hydraulics and its: Applications. D. Van Nostrand Co., 
Now Torks © Bde nelGeos. © CO) Devil lus. 


For loss at bends in pipes, he mentions Brightmore's 
data, gives Weisbach's formula. Gibson apparently made 
some tests on clbows of rectangular scction 1/2-inch by 
1 inch, which showed the loss to be proportional to ye 
for all velocitics up to 22 fect per second. Gibson 
gives his coefficients in comparison with Weisbach's, 

He then discusses Aloxander's tests and also William's 
tests and gives coofficicnts obtained by Schoder. He 
mentions cxpcriments mado at Yorkshire Colloge (Engincer- 
ing, Scpt. 25, 1896, page -390). 


In flow around river bends he gives Prof. James 
Thomson's theory and oxperiments,. 


George E, Russell, Hydraulics. Ed 3, Honry Holt and Co., Now York, 


1925, h7 p. illus. 


Mentions Schodor's, Williams, Hubbell & Fenkell, 
Brightmore and Alexander tests. Quotes W.E, Fullor's, 
formula, 


Hoad lost = nye?) 


and gives values of K for various valucs of radii in foct,. 


Fred C, Scobey. 


a hie + 


Flow of Water in Tulsa 60-inch and 5l-inch Concrete 
-. Pipe Linc. Engin. Nows-Record, Ve Ds 


1925, 89-897. 


Gives loss of hoad due to bends in these two pipes. 


Gives loss in two ways; first, loss per degree of bond, 


sccond total loss per bend. 


Tosts made on a 6.6 mile rcach of pipe containing 
29 bends, totaling 455.7 dogrecs. 


T. Farrance Davey. ‘Velocity at Tangonts of Curves of 36-inch Pipe. 


Engin. News-Record, ve. 97; 1926, pe 905. 


Shows velocity traverses taken at tangent of a 
36-inch pipe bend for throc difforont quantities of 
flow. 


H.dJ. Hughes and A.T. Safford. Treatise on Hydraulics. The MacMillan 


Co., Now York, Rov. Ed. 1926, 331 p. illus. 


This book gives a digest of the Williams, Hubbell 
and Fenkell tests, the Saph and Sehoder tests, Alox- 
anderts and Brightmore's cxporimonts and also Davis! 


experiments at Wisconsin University. Gives the co- 


efficients tho various oxperimenters obtained and 
also Aloxander's formulas. States no satisfactory 
solution for loss of head in bends in open channels 
has yet been offered. 


Joseph N, LeContec. Hydraulics. McGraw Hill Book Co., New York, 


H.K, .Barrowse 


1926; ) 4168p. illus. 


"tho loss in 2 bend occurs not only in the bond 
stsolf but in the straight: portion beyond the limit 
of the bond. Furthermore, the loss attributed to 
the bend may’ be considered the excess of loss over 
and above what wovld occur in an equal length of 
straight pipe." 


He gives no formula but mentions Murray's and — 
Ashley's experiments in the University of California 
hydraulic laboratory on globe valves in which thoy 
determined the coefficient K in the formula 

2 
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Water Power Engineering. McGraw Hill.Book Co., 1927; 
73), Dis illus. 
Statos that in the canal bends on the Chippowa 
project of the Ontario Hydro-Electric Commission, 
tho loss was roduced to a minimum by making the curve 


H.K. Barrows. 
(Cont'd) 


William P. Greagor 


Loring Wirt. 


Anonymous. 


Dr. A. Stodola. 


- hi - 


as short as possible, and by! providing extra lateral 
space at the point of disturbaneco so that eddics may be 
dissipated before going forward ‘into the straight scc- 
tion of the canal. 


and Jocl D, Justin. Hydro-Eleectric Handbook. John 
Wiley & Sons, Inc., New York, 1927, 897 p. illus. 


Gives diagrams for values of K in the formula 
: | 
Wiese Kenn V 
f -- Bg 


for varicus ratios of radius of bend to diamcter of: 
pipe. 


New Data for the Design of Elbows in Duct Systems. 
General Electric Review, v. 30, 1927, pp.286- 
296. 


Describes tests mensuring losses by comprosscod 
air in elbows with round and square corners. Finds 
pipe with square corner has less loss than round corner. 
States best way to reduce loss is to use large values 
of radius ratio, R/D, radius cver hoight of pipe, and 
aspect ratio W/D, with width of bend over height of 
bend. In case it is necessary to uso sharp bends, then 
direction blades are required to reduce the exccssive 
losses. Novol methods used to get direction cf fila- 
ments cf flow of air in the models. Results show two 
sccondary currents similar to those obtained in Iowa 
tests. 


Power, Ve Cor Laeye pe Ol. 


Editorial discussing Loring Wirt's article in the 
General Electric Reviow. 


Stcam and Gas Turbines. Translation by Dr. Louis C. 
Povenetoin. | Bos by” oer, Ve Ls De SE eailtea dat eee ee 


Discusses socendary cr spiral flow in bonds. 
States Lolonger's dissertation (Zurich, 1913) “Unter- 
suchung des Druck und Stromungsverlaufs in Schaufeln" 
contains a very complete investigation of secondary 
flow in pipe bends. Sccondary flows are produced by 
the effoct of friction against the lateral surfaces 
of the channel. Mentions that velocitics are much 
higher on the inside of tho bend than on the outside, 
and that this velocity differonce produces violent 
eddies in the flow with corresponding losses of kinetic 
Cnorgye abisind ; 


a 


W. R. Dean, Note on the Motion of Fluids in a Curved Pipov 
Lotidon, Edinburgh and Dublin. Phil. Mag. & 
Jour eoLiSely, ivave Lge LoSfeegpp. G0b-22%s 
illus’ 


In this paper steady motion of incompressible 
fluid through pipe of circular cross-section which 
is coiled in circle is considered. (Abstract from 
Engineering Index.) 


W. D. Edwards, Pressure Losses in Air Ducts. Heating and Ventil- 
ating Mag., Feb. 1928, p. 69. 


Dr. Ing. D. Thoma, Mittcilungen des Hydraulischen Institute Der Tech- 
nischen Hochschule. Munchen, Heft 2. R. Olden- 
poure, Munich and Seriin, -T92o) peofe 
L1lus, 


Article in above paper by Dr. Ing. G. Vogel on 
"Experiments for Determining the Loss in Right-Angle 
Pipe Tees" gives experimontal data and coefficients 
fcr determining these losses. 


Article on "New Experiments on Pressure Loss in 
Pipe Bends" by Dipl.-Ing. A. Hoffmann show lower losses 
than those found in experiments of Williams, Hubbell, 
and Fonkell; Black, Brightmore, and Schoder. 


Article on "Losses in Different Forms of Elbows" 
by H. Kirschbach, Studicn-Professor, shows data on 
different forms and shapes of elbows. 


W. R. Dean. The Stream-line Motion of Fluid in a Curved Pipe. 
London, Edin., and Dublin Phil. Mag. and Jour. 
of NCls,; eB, 19d,” pps 0/3 uo 695, Seem 


Analysis to find rclation between pressure grad- 
lent and rate of flow through curved pipc. 


Fluid Motion in a Curved Channel. Proc Royal sec. 
Ts EAL "Not ASTGy, 1028. wn ci0Seeo. ; 


Theoretical investigations of stability of flow 
in curved pipe is certain te be a matter of great 
difficulty, therefore, simplified form of problem 
stability of flow under pressure through curved chan- 
nel is considered; author shows that flow in curved 
channel may become unstable for small disturbances; 
offered as tentative cxplanation of known absence of 
marked velocity of flow in curved pipe. 


E.D. Edwards. Change in Duct Design Saves 00,000 Kilowatt Hours a 
yoor,  Powor, we 68, 1926) pp. 677-678. 


abe 


B.. D. Edwards, Deseribes the revision of tho fluc duct design 

(Cont'd) in the East Peoria Station of the Illinois Elcctric 
Power Co., according ta suggestions made by Loring 
Wirt. States savings.in auxiliary power through tho 
change in design was,equivalcnt to a saving in coal 
‘of 417 tons a yoar. 


- 


B. L. Spivok, Square Bends Reducc Elbow Losses in Ducts. Power, 


» ve 69, 1929, ppe 55-56, 


Discusses article by Edwards and describes flow 
of air around bonds. Shows how dimonsions cf bend 
arfect the officiency and gives best ratios tc follow 

and efficicney gained. No formulas are given, 


Anonymous « | Verlustmindorung in rechtwinkligon Kruemmern. Dic 
Wacrmco, Berlin, v. 52, 1929, ° pp. 792-793. 
(Sce Mech. Engin., January 1930, p. 101.) 


~ Based cn numerous and detailed tests on rectan- 
gular pipe bends. Data given on velocity distribu- 
tion, prossure curves and losses. States that losses 
duo to chango in dircction of flow can be reduced to 
ao minimum by shape’ which doviatcs from that of stan- 
dard bonds. 


H. Richter. Der Druckabfall in gekrucmmten glatten Rohrlecitungen. 
Forschungsarbciten auf dem Gebcite des Ingenior- 
Wescn,  beaian. No. Ade, 1940, 40 p. iljus. 
(See Mcch. Enginocring, March, 1931. p. 250.) 


Report of study. at Freiberg on glass and drawn 
copper pipe of @ to LO m. in diamctor, both straight 
and curved.:’ Pressures were measured to within 1/1000 
mn. of water colum. lLoss of head was determined as 
a function of Reynold's number, angle of deflection, 
radius of curvature, and dinmoter..cf pipe. Fornula 


4 


derived was found in agreement with observations. 
Hydraulic Laboratory Practice. dmor.s Soc, Moch.Engin., 1929, 868 p. 
illus. 


PYOl ie ron eis. Dre tele, oLreck, ¢. Dr, Eng'g 
Hindorks, The Experimental: Institute for Hydraulics 
and Foundations at Technical University of Hanover, 
pe 612, 


Picturos showing 


re 
to) 


secondary flow in bends and clbows, 


A. Hofmann. Now Investigations to Detcrmine the Pressure Loss in 
Pipe Bonds. Hydraulic Institute of tho Tech- 
aical University at Munich, p. 72. 


A. Hofmann. 
(Cont'd) 


H. Kirchbach, 


A, oH. Gibson, 


H. Lorenz, 


G. I. Taylor. 


bh 6 = 


Tests conducted on split bronze bends, milled 
extroilicly ateurato. "....inside dinmoter of 4°m. 
Cae 7 in.) the radii of the conter lines wore: 1 sQetiht, 
and 6 times pipe dianeter.": 


After mceasuremonts on the bends were some 
bends were... replaced by equal lengths of straight 
pipe equal extonded length of corresponding bend 
and measurements taken again. : co ge 


Givos erect of kK vs. R/D, where K is in the 
fornula 5 
Hog SEK 


aon 
&& 
for following cxperimenters, Weisbach; Pavis, Williams, 
Hubbell, and Fenkell, Brightmore, Schoder, Hofmann and 


. hy tertachern 


Losscs in Various Forms of Elbows. Hydraulic Insti- 
tute of Technical University of Munich, p. h73. 


Full page skotches show K for various elbows. 
Describes tests on pipe clbows 3m. (1-7-in.) 
in diametor, 


Eneyclopaodia Britannica, lth ed., 1929, v. ll, 
Dei. 


"Best radius in practice is from 2.5 to 5 times 
the pipe diameter. For such bends the loss is given 
sufficiently nearly by 





0.3V" Poot 
Op as a 


"Where the bend is carricd around an angle C 
less than 90-degrees, the loss is very nearly propor- 
tional to @* 


Der Widerstand von Rohrkruemmern. Physikalische 
ACive, vs 50019290 Mipp reese a0 al wast 


Thooretical mathomiticnl discussion of conditions 
of flow and optimum relation between diameter of pipe 
and radius of curvature. 


The Criterion of Turbulence in Curved Pipes. Proc. 


of Royal Soc., v. 124, Wo. A~794, June h, 1929, 
ppe 243 to 29, illus. 
_ Account of the experiments at Cavendish Labora- 
tory; conclusion reached by C.M.Whitc, that higher 
specd of flow is necessary to maintain turbulence in 


Ge Lt, feyvlon, 
(Cont'd) 


H. Nippert. 


M. Kawada. 
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curved pipe than in straight pipe, is verified direct- 

ly; in pipe bent into helix, diameter of which was 18 

times that of cross-section, steady streamline motion 

persisted up to Reynold's number 5830, iec., 2.5 times 

Reynold's criterion for straight pipe. 

Ueber den Strocmungsverlust in Gerkrucrmten Kacnalon. 
Forschungsarbeiten auf dem Geibcits des Ingenier-~ 
wessens, heft 4320 , Berlin, V.D.I. Verlag, 1929, 
67 pe illus. See also abstract in V.D.1I. Zoit.,; 


Vs 73, 1929, pp. 1391 to 1392, 1932. 


With the support of. various German enginecring and 
physical societies and firms, author has made cxtensive 
investigation of flow of watcor in curved pipes and chan- 
nels; he reviews previous investigations of stream 
flow and losses in bends, describes various factors 
that determine thom, and investigates very fully ef- 
fect of ccrtain of these factors by careful exporiments; 
results are given in graphic charts and in photographs 
of flow in open channels... Eng. Soc. Library. 


On the Measurement of Pressure and Velocity of Water 
Stream In a Curved Pipe. Soc. Mech, Engin. 
Jour. (Tokyo) “v. 32, 1929, pp. 54-166, 
illus. (In Japanese.) 


Result of mcasuring pressures and velocities of 
flow of water in pipe bend which is curved at right 
angle in horizontal planc; as preliminary cxpceriment, 
motion of colored water streamlines in glass bend pipe 
had been observed. (Abstract from Enginooring Index.) 


Dr. Ing. H. Nipper. Nouerc Versuche Uber don Stronumgsvorgang in 


Gokrummten Kanalen. Der Bauingenieur, Heft 5, 
January 31, 1930, pp. 76-79, illus. 


Experiments conducted at the Institute of Hydro- 
dynamics, Technische Hochschule, Danzig in 1925-26 
on 90-degree and 180-degree bends. Models of cast- 
iron, generally with a rectangular cross-section. 
Inner and outer walls changeable so the influonce of 
the inner and outer curvatures could be investigated 
separatcly. Furthermore the entrance section to out- 
let section could be changed. Apparatus so scot up‘ 
that it was possible to compare the times definite 


quantities of water passed through cifferent bends. 


Fron these time values the resistance valucs of the 
tested bonds could easily be calculated. Prossure 
distribution on the bond walls was measured and 


‘velocity distribution in the entrance and cutlet sec- 
tions was measured, Pressure curves are similar to 


those obtained on Iowa tosts. 


= hed 


Dr. Ing. H. Nippert. “Losses are not caused by one single factor. 


(Cont'd) 


R. Bambach,. 


They are caused by (1) the wall friction, (2) the 
formation of whirls and the consequent transversal 
flow. When’ the ratio of the radius of the bend 
(measured to the center line) over diameter of pipe 
exceeds 3.5, the losses are caused principally by 
walls friction. The transversal flow is then negli- 
gible, 


The losses in bends are dependent upon the follow- 
ing factors: (1) The ratio of the curvature to the 


“breadth or diameter of the channel, r/b, r/d. (2) The 


cross-section sequence in the direction of flow. (4) 
The shape of the cross-section or ratio of height to 
breadth, h/d. 


The loss coefficient is large for bends of small 
radii as compared to the breadth (b) or diameter of 
pipe. For small ratios of xr/b, the losses are great 
but as the ratio of r/b increases, the coefficient do- 
creases rapidly. For greater values up to r/b equals 
Li gO, Fe decrease in the coefficient can be observed. 

A further decrease of this ratio however docs not pro- 
duce an appreciable gain. 


Bends with convergent cross-section in the dircec- 
tion of flow show smallest loss coefficicnts. The 
losses increase somewhat for bends with equal entrance 
and outlet scctions, and increase considerably for 
bends which are divergent in the flow direction. 


A minimum value of loss coefficicnt is obtained 
when depth of channel over width h/b equals 2.0. The 
loss cocfficicnt was found to vary with the square of 
the velocity. The pressure necded to pass a ccrtain 
flow through a pipe line can be considerably decreased 
by using a slightly widened section in the vortex of — 
the bend. This may be of some significance in all prac- 
tical cases, where the available pressure head is to be 
used to its limit, for oxample in the draft tubes of 
water turbines, in the filling and draining channels 
of lock chambers, ctc. No analytical rclation botween 
the measured loss coefficients and the pressure differ- 
onecs on the inner and outer walls could be found. 


Ploctzliche Umlenkung (Stoss) von Wasser in geschlossen 
unter Druck durchstrocmton Kanaclen, Forschungsarbe-~ 
iten auf dem Gebictec dos Ingenicurwesens, No. 427, 
1940, 20°p. ilTuss 


Investigation of loss of head in pipe bends con- 
ducted at Hanover Institute of Technology. Rcsults 
show that the generally accopted theoretical formulas 


x 


w LG = 
R. Eambach. are not correct. Many pressuro observations and voloc- 

(Cont'd) ity contours were taken. The spiral motion was invosti- 
gated by means of strings.’ 


G. Je Kloin, K.:P. Tupper, and J. J. Groon, The Design of Corners in 
Fluid Channels. Canadian Jour. of Research, 
ve 3, September 1930, 


. Describes experiments on flow of air around bonds, 
Shows details of blade turns used. States that vanes 
for corners are very offective in reducing losses, 


H. Nippert. Abstract of article "Reducing Friction Losses in Roctan- 
gular Ducts". Power, ve 7, 1930, pp. 918-919, 

q In Power for January 8, 1929, B.L. Spivak had an 

article on reducing losses in bends, This article was 

abstracted in the March 2 issue of "Dic Warmc" and was 

discussed in the October 19 issuc. Tho following review 

is an abstract of the latter article: 


"The pressure changes and the spiral motion in 
bends is discussed. Losses in bends will bé reduced 
to a minimum when the following conditions are fulfilled; 


(1) When in long radius bends, the maximum ratio 
between the radius and the width of the duct 
is h.5. es a 

(2) When the cross-scctional area is increased from 
the beginning of the bend to the midway sec- 
tion and then gradually diminished towards 
the end. iy 

(3) When the maximum ratio botwoeen the duct height and 
the width is 2.0. (For rectangular ducts). 

(4) The high lossos in square bends my bo reduced by 
the use of guide vanes. 


H, Chatley. Curvature Effect in Alluvial Channels. Enginecring, 
‘ February 13, 1931, pp. 196-197 and Fobruary 20, 
105), ‘pp. 260-261. 
fentions the work of Boussinesq, Fargue, and 

Ripley and states that their theories do not agree with 
the sections of the Whangpoo River. Gocs into the moch- 
anics of flow around open channel curves and gives a 
formula showing rcolation between depth, radius of cur- 
vature, and mgle of curvature. Describes secondary 
in bends and transverse in bonds and gives Gockinga's 
formula for computing the transverse slope. 


S. Erk, Forschungsarboiten auf dom Gebeite der Technischen 
Hydrodynamik., Forschung auf dom Geboite des 


S. Erk. 
(Cont ta) 


Robert William Angus. Hydraulics for Engineers. Sir Isaac Pitman & 


a eahies 


Ingonicurwesons, ve 2, 1931, p. 19-27, 
rama 


Reviews progress made on loss of head in straight 
pipes with constant cross-section, in curved pipes 
and divergent and convergent conduits, and discusses 
other phases of hydraulic researches. Gives a bricf 
resume of Nippert's work, of Richter's tests, and 
Bambach's experiments on closed channels with constant 
cross-section and with sudden turn of flow. 


pons, ltd.,, Toronto, 1931, 400 p. illus. 

Mentions tests by Professor Gicsecke at Univer- 
sity of Texas and reported in bulletin No. 2712, March 
1927, under title, "The Friction of Water in Elbows," 

Tests made on scrowod fittings 5-degrecs and 
90-degrees, long and short radius, 1 inch to 43 inches 


diameter, 


Also speaks of Fuller's paper. 


Sabin Crocker and Arthur McCutchan, Frictional Resistance and Flcx- 


ibility of Seamless-Tubo Fittings Used in Pipe 
Welding. Fuels and Steam Power Paper No. 54-17, 
Trans. Amer, Soc. Mcch. Engin., v. 54, 19341, 
ppe 215-215. 


Discusses as one phase of their subject the pres- 
sure drop or loss of head in bends or elbows. Mentions 
Buscy's paper in which is given a diagram showing that 
in air ducts the loss is reduced to a minimum when 
R/a equals 3/2 and that nothing additional is gained by 
miking R/d cqual to 2.0. 


Edwards' article on the flow of air through bends 
shows that no appreciable reduction in pressure drop 
is shown for a mean radius of bend greater than 1.5 
times the diameter of the pipe. 


The tests of Scheder, Davis, Brightmore and Pound 
on bends using water for tho fluid were reviewed and 
the results of their tests compiled in.a dingram. The 
loss duc to friction in the bend was deducted from of 
the total lcss and tho resultant amount is the loss s 
formed by the bend itsclf. The graphs showcd a sharp G 
drop in loss as R/a incronses from less than unity up 
toa valuc of 1.5 or 2.0. Whon R/d oxceeds a value 
of 2 or more the decrease in the loss due to the bend 
is very slight and when the values of R/a cxeeed ey ie 
loss duc to the bond appears to increase, State that 
Williams, Hubbcoll, and Fenkell found in their tests on 


Sabin Crocker and Arthur McCutchan. 
(Cont'd) large size pipes that the loss increases when R/d 
exceeds 2,5 and the minimum loss occurred when R/d 
was equal to 2.5. 


Discussion of the paper by various engineers. 
Giesecke's and Eustice's work quoted. 


. Eugene E,. Halmos. Loss of Head at Branches Determined for Water Pipes. 
Engin. News-Record. v. 108, 1932, p. 68. 
Experiments conducted at hydraulic laboratory 

of Technical University of Munich, Germany. Descrip- 

tion of experiments and analyses’ of data obtained are 
contained in paper by Emil Kinne, published as vol. yee 

(1931) of Proceedings of Hydraulic Institute of Tech- 

nical University, edited by Dr. Thoma. 


J.W. MacMeeken. Turbulence in Centrifugal Pumps. Hydraulic Paper No. 
Shel), Trans. -Amer. Soc. Mech. Engin., v. Sh, 


- 1932, pp. 47-63. 


Describes method of computing head losses in | 
river bends when the velocities and radii are known, 
Gives the formula 


D D Lb? lez 
= - + + + 
21 0 (ler 29 ae ‘e P,) Vp igiee V (1 + PjdL 
eg cfr 
in which 
21,2 = drop in water surface in an open channel 
between two points. 
Vy = mean velocity of channel near beginning of 
“bend at point l. 
Vo = mean velocity of channel near end of bend at 
point 2. 
Vv = mean velocity of channel. 
C = Chezy coefficient from the formula 
te ga ‘(Bazin's 1897 formula) 
uate F 


r = mean hydraulic radius. 


Je W. MacMeeken. 
(Cont'd) 


formula 


~ 52% 


(1+ P) coefficient of local distribution 
calculated from the curvature of the stream line 
boundaries of the channel and the position of the 
first and second centroids with refercnce to the 
local center of curvature. 


"The value of (1 + P)' was obtained in two ways: 
First by gaging the stream at sections 1 and ea 
short distance apart, recording all the values of the 
velocity at a uniformly distributed number of points 
and finding both the average velocity and py number 
of observations, then 


"The value of (1 + P) was next computed by the 


(l+ P) S ratio Eve /N 
" : (Average oes 





and the same values resulted. 


"The value. of the coefficient (1 + P) varied 


from 1.20 to 1.70 in curved channels to 1.06 in 


straight channels adjoining bends in the stream." 


